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(54) METHOD AND APPARATUS FOR PREPARING SAMPLES 



(57) A method and an apparatus for fabrication of a 
specimen including a specific infinitesimal area of a 
specimen substrate such as a semiconductor wafer or a 
semiconductor device chip are disclosed. Extracted and 
separated from the specimen substrate by irradiation of 
an ion beam, the specimen is used in on observation, 
an analysis and/or a measurement of the specific infini- 
tesimal area. 

First of all, the tip of a probe is firmly joined to the 
vicinity of an area to be observed on the specimen sub- 
strate which is mounted on a sample stage. Then, a 
micro-specimen including the area to be observed is 
separated from the specimen substrate. Firmly joined to 
the tip of the probe, the micro-specimen separated from 
the specimen substrate is then transferred to a speci- 
men holder of an apparatus for carrying out an observa- 
tion, an analysis and/or a measurement on the micro- 
specimen to be fixed to the specimen holder. Subse- 
quently, the tip of the probe is separated from the micro- 
specimen fixed to the specimen holder. 

The tip of the probe is separated from the micro- 
specimen by adopting an ion-beam sputtering fabrica- 
tion method. On the other hand, the tip of the probe is 
firmly joined to the vicinity of the area to be observed on 
the specimen substrate by adopting an ion-beam assist 



deposition film creation method. As a result, it is possi- 
ble to obtain a specimen to be mounted on a specimen 
holder dedicated for an apparatus for carrying out an 
observation, an analysis and/or a measurement with a 
high degree of efficiency without doing manual work 
requiring much training such as grinding and dicing. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present invention relates to a method and 
an apparatus for fabrication of a specimen. More partic- 
ularly, the present invention relates to a method and an 
apparatus for extracting a micro-specimen including a 
specific small area of a semiconductor material such as 
a semiconductor wafer or a semiconductor device chip 
from the semiconductor material by separation using an 
ion beam and for fabricating a specimen used for carry- 
ing out an observation, an analysis and/or a measure- 
ment of the specific small area. 

2. Description of the Prior Art 

[0002] In recent years, efforts made to shrink 
geometries of semiconductor devices make progress at 
a very great pace. In a structure analysis of these sem- 
iconductor devices, there has been demanded an 
observation of a nanoscopic structure which is so small 
that, at a resolution of an ordinary scanning electron 
microscope referred to hereafter simply as an SEM, the 
structure can not be observed any longer. As a result, 
observation by means of a transmission electron micro- 
scope which is abbreviated hereafter to a TEM is indis- 
pensable in place of an SEM. Traditionally, however, 
fabrication of a specimen for an observation using a 
TEM can not help resorting to manual work which must 
be done by a well trained person and takes a long time. 
For this reason, in reality, the method for observation of 
a specimen using a TEM does not come into wide use 
as the method for observation by means of an SEM, 
whereby a specimen can be fabricated with ease and 
results of observations can be thus be obtained immedi- 
ately, did. 

[0003] The conventional method for fabrication of a 
specimen for an observation by using a TEM is 
explained as follows. Fig. 2 is diagrams showing the first 
conventional method for fabrication of a specimen for 
observation using a TEM. A specimen for observation 
using a TEM is also referred to hereafter simply as a 
TEM specimen. To be more specific, Fig. 2/(a) is a dia- 
gram showing a semiconductor wafer 2 on which LSIs 
were fabricated. The semiconductor wafer 2 is referred 
to hereafter simply as a wafer or a substrate. As shown 
in Fig. 2/(b), the wafer 2 comprises an upper-layer por- 
tion 2A and a lower-portion 2B or a substrate. Assume 
that a specimen for TEM observation of a specific area 
on the wafer 2 is fabricated. First of all, a mark not 
shown in the figure is put on an area 22 subjected to the 
observation using a TEM. By exercising care so as not 
to damage the area 22 to be observed, an injury is 
deliberately inflicted on the wafer 2 by using a tool such 
as a diamond pen in order to cleave the wafer 2 or the 



wafer 2 is cut by means of a dicing saw in order to take 
out a sliber chip 21 shown in Fig. 2/(b). In order to make 
the center of a TEM specimen being created the area 
22 to be observed, the areas 22 of two chips are stuck 

5 to each other by using adhesive 23 to produce 2 speci- 
mens 24 stuck together as shown in Fig. 2/(c). Then, the 
two stuck specimens 24 are sliced by means of a dia- 
mond cutter to produce slice specimens 25 shown in 
Fig. 2/(d). The dimensions of each of the slice speci- 

10 mens 25 are about 3 mm X 3 mm X 0.5 mm. Then, the 
slice specimen 25 is put oh a grinding plate to be ground 
by using abrasives into a thin specimen, namely, a 
ground specimen 25' with a thickness of about 20 
microns. Subsequently, the ground specimen 25' is 

15 attached to a single-hole holder 28 mounted on a TEM 
stage, that is, a stage for holding a TEM specimen as 
shown in Fig. 2/(e). Then, ion beams 27 are irradiated to 
the surfaces of the ground specimen 25' as shown in 
Fig. 2/(f). Sputtering fabrication (or ion-milling fabrica- 
te tion) is then carried out on the center of the specimen 
25' as shown in Fig. 2/(g). Finally, when a hole has been 
bored through the center of the specimen 25', the irradi- 
ation of the ion beams 27 is halted as shown in Fig. 
2/(h). A thinned area 26 with a thickness not exceeding 

25 a value of about 1 00 nm fabricated as described above 
has been observed by a TEM. This method is described 
in references such as a book with a title of "High-Reso- 
lution Electron Microscope: Principle and Usage", 
authored by Hisao Horiuchi and published by Kyoritsu 

30 Syuppan, Page 1 82, and used as prior-art reference 1 . 
[0004] Fig. 3 is a diagram showing the second con- 
ventional method for fabrication of a TEM specimen. 
This method is a method for fabrication of a specimen 
using a focused ion beam which is abbreviated hereaf- 

35 ter to an FIB. As shown in the figure, first of all, a mark 
not shown in the figure is created by using a laser beam 
or an FIB in the vicinity of an area 22 to be observed on 
the wafer 2 and then the wafer 2 is diced as shown in 
Fig. 3/(a). A sliver chip 21 shown in Fig. 3/(b) is then 

40 taken out from the wafer 2. The sliver chip 21 is further 
sliced to produce slice specimens 21' shown in Fig. 
3/(c). The dimensions of each of the slice specimens 21* 
are about 3 mm X 0. 1 mm X 0.5 mm which is the thick- 
ness of the wafer 2. Then, the slice chip 21' is ground 

45 into a thinned specimen 21 The thinned specimen 21 " 
is then stuck to a TEM-specimen holder 31 which 
resembles a thin metallic disc plate and has a cut por- 
tion 31' as shown in Fig. 31(d). Subsequently, the area 
22 to be observed on the thinned specimen 21" is fur- 

50 ther thinned by means of an FIB 32 so that only a slice 
22' having a thickness of about 100 nm is left as shown 
in Fig. 3/(e), (f). The slice 22' is used as a specimen for 
an observation using a TEM. This method is described 
in documents such as a collection of theses with a title 

55 of "Microscopy of Semiconducting Materials 1989", 
Institute of Physics Series No. 100, Pages 501 to 506, 
which is used as prior-art reference 2. 
[0005] Fig. 4 is a diagram showing the third conven- 
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tional method for fabrication of a TEM specimen. The 
method is disclosed in Japanese Patent Laid-open No. 
Hei 5-52721 which is used as prior-art reference 3. As 
shown in the figure, first of all, a specimen substrate 2 is 
held in such a posture that an FIB 32 is irradiated to the 5 
surface of the specimen substrate 2 perpendicularly. 
The surface of the specimen substrate 2 is then 
scanned by the FIB 32 along the circumference of a rec- 
tangle to form a rectangular hole 33 with a sufficient 
thickness on the surface as shown in Fig. 4/(a). Then, 10 
the specimen substrate 2 is inclined so that the surface 
thereof forms a gradient of about 70 degrees with the 
axis of the FIB 32 and a bottom trench 34 for separation 
is further created on a side wall of the rectangular hole 
33 as shown in Fig. 4/(b). The gradient angle of the 15 
specimen substrate 2 is adjusted by using a sample 
stage which is not shown in the figure. Subsequently, 
the orientation of the specimen substrate 2 is restored 
to its original posture so that the FIB 32 is again irradi- 
ated to the surface of the specimen substrate 2 perpen- 20 
dicularly and a trench 35 is further created as shown in 
Fig. 4/(c). Then, by driving a manipulator for holding a 
probe 36, the tip of the probe 36 is brought into contact 
with the surface of a portion 40 of the specimen sub- 
strate 2 to be separated as shown in Fig. 4/(d). It should 2 s 
be noted that the manipulator itself is not shown in the 
figure. In this state, the FIB 32 is irradiated to a local 
area including the tip of the probe 36 while gas 39 for 
deposition is being supplied from a gas nozzle 37 to cre- 
ate an ion-beam-assisted-deposition film 38 which is 30 
abbreviated hereafter to an IBAD film or a deposition 
film. In this way, the portion 40 of the specimen sub- 
strate 2 to be separated and the tip of the probe 36 
which have been brought into contact with each other 
are firmly joined to each other by the deposition film 38 35 
as shown in Fig. 4 /(e). Finally, portions left around the 
portion 40 of the specimen substrate 2 to be separated 
are separated by the FIB 32 to detach the portion 40 
from the specimen substrate 2 as shown in Fig. 4/(f). 
The detached portion 40 separated from the specimen 40 
substrate 2 remains in a state of being firmly joined to 
the tip of the probe 36 as shown in Fig. 4 /(g). An area 
on the separated portion 40 to be observed is further 
thinned by using an FIB to a thickness of about 100 nm 
to produce a specimen for observation using a TEM. 45 
[0006] The first and second conventional methods 
described above can not help resorting to manual work 
requiring skills of a well trained person fabricating the 
specimen. The manual work includes grinding, mechan- 
ical fabrication and sticking the specimen to the TEM- so 
specimen holder. In addition, with these conventional 
methods, in order to fabricate a desired specimen, it is 
necessary to split the wafer or the substrate of the 
device chips into portions by cleaving or cutting the 
wafer or the substrate. In order to acquire a specimen of ss 
a desired area, portions adjacent to the desired area 
are inevitably and/or inadvertently cleaved or cut. 
Assume that it is necessary to observe and/or analyze a 



portion other than an area which was subjected to an 
observation and/or an analysis before. Since the sub- 
strate of the specimen was once cut in order to fabricate 
specimens for the prior observation and/or analysis, an 
injury and/or a damage was inevitably and/or inadvert- 
ently inflicted upon the portion subjected to the next 
observation and/or analysis or a positional relation 
among portions to be observed and/or analyzed is no 
longer known. As a result, there is raised a problem that 
accurate information on observations and/or analyses 
can not be obtained continuously due to the inflicted 
injury and/or damage. In addition, while the ion milling 
and the process to thin a film by using an FIB described 
above do not directly involve manual work, they have a 
problem of a long fabrication time which is difficult to 
solve. 

[0007] Furthermore, in recent years, there is seen a 
trend of an increasing wafer diameter to 300 mm. The 
number of device chips that can be fabricated from such 
a wafer also increase as well. In addition, the device 
itself has more added values. As a result, splitting a 
wafer into portions by cleaving or cutting the wafer in 
order to observe and/or analyze a particular area leads 
to a disposal to discard portions other the area to be 
observed and/or analyzed which is very uneconomical. 
Moreover, when a small particle or an abnormal shape 
is detected in a certain area during a scanning opera- 
tion over the entire wafer by driving a variety of micro- 
scopes, a cause of such a small particle or such an 
abnormal shape has to be clarified by conducting an 
observation and/or an analysis prior to the splitting a 
wafer into chips, in particular, before the small particle 
disappears. Otherwise, a number of defective devices 
among final products will be resulted in, incurring an 
even larger loss. If a plurality of specimens can be pro- 
duced in a short period of time without splitting the 
wafer into portions, observations and/or analyses can 
be carried out very economically, giving rise to a great 
contribution to improvements of a product manufactur- 
ing yield. 

[0008] With the third conventional method, on the 
other hand, once a specimen is set on the sample 
stage, it is not necessary for the operator to do manual 
work directly till separation of micro-specimens and to 
cut the wafer carelessly. In this method, however, the 
separated specimen remains in a state of being 
attached to the tip of a probe so that, when the sepa- 
rated specimen is brought into an observation appara- 
tus and/or an analyser in such a state to be observed 
and/or analyzed, the specimen will vibrate, raising a 
problem that it is impossible to obtain reliable results of 
observation and/or analysis. 

[0009] As the conventional TEM-specimen holder, a 
holder 78 with a single hole 79 shown in Fig. 7/(a), a 
holder 80 with a notch 108 shown in Fig. 7/(b) and a 
holder 109 with a mesh shown in Fig. 7/(c) are known. 
Assume that the single-hole-type holder 78 or the 
notch-type holder 80 is used in the third conventional 
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method for specimen fabrication described above to 
hold a micro-specimen 40 with a small size in the range 
20 to 30 microns. In this case, it is necessary to adjust 
the position of the micro-specimen 40 on the inner wall 
of the notch 1 08 or the single hole 79 with a high degree 
of accuracy, making the installation work difficult to 
carry out. Such a problem is not encountered with the 
mesh-type holder 109. This is because, by using a 
mesh-type holder 109 with a gap between mesh nodes 
adjusted to the size of the micro-specimen 40, the posi- 
tion at which the micro-specimen 40 is to be installed 
can be selected arbitrarily to a certain degree. With the 
mesh-type holder 109, however, an electron beam path 
82 propagating toward an area 81 to be observed is 
shielded by a mesh structure member 109' as shown in 
Fig. 7/(d), making an observation using a TEM impossi- 
ble in some cases. 

SUMMARY OF THE INVENTION 

[0010] It is thus an object of the present invention to 
provide an improved method for fabrication of a speci- 
men capable of solving the problems encountered in the 
conventional methods described above and to provide a 
good apparatus for fabrication of a specimen used for 
implementing the improved specimen fabrication 
method. 

[0011] To be more specific, it is a first object of the 
present invention to provide a specimen fabrication 
method capable of fabricating a specimen of a small 
area to undergo an observation or a measurement/anal- 
ysis carried out by an observation apparatus such as a 
TEM or a measurement/analysis apparatus to which the 
specimen is to be transferred without the need for a well 
trained person to do manual work such as grinding and 
dicing and the need to split a semiconductor wafer or an 
LSI chip by cleaving or cutting. 
[001 2] It is a second object of the present invention to 
provide a good specimen fabrication apparatus used for 
implementing the specimen fabrication method pro- 
vided as the first object of the invention. 
[0013] It is a third object of the present invention to 
provide a TEM-specimen holder which is used in con- 
junction with a TEM and allows a micro-specimen 
extracted from a specimen substrate to be positioned 
with ease. 

[001 4] In order to achieve the first object of the present 
invention described above, the present invention pro- 
vides a specimen fabrication method which comprises 
the steps of: 

firmly joining the tip of a probe to the vicinity of an 
area on a specimen substrate such as an LSI chip 
and a semiconductor wafer held on a sample stage 
to be subjected to a desired observation and/or a 
measurement/analysis; (such an area is also 
referred to hereafter as an area to be observed) 
irradiating an ion beam to regions surrounding the 



vicinity of the area to be observed; 
extracting and separating a micro-specimen includ- 
ing the area to be observed from the specimen sub- 
strate by ion-beam sputtering fabrication; 

s conveying the extracted and separated micro-spec- 
imen with the micro-specimen firmly joined to the 
tip of the probe as it is to a TEM-specimen holder of 
an apparatus for conducting the desired observa- 
tion and/or measurement/analysis by moving the 

10 probe or the sample stage; 

firmly attaching the micro-specimen to the TEM- 
specimen holder; 

separating the tip of the probe from the micro-spec- 
imen; and 

15 carrying out the desired observation and/or meas- 
urement/anaiysis which is also generically referred 
to hereafter simply as an observation. 

[001 5] In addition, in order to carry out the observation 

20 on a specific area to be observed on the specimen sub- 
strate, before firmly joining the tip of the probe to the 
vicinity of the specific area to be observed, a marking 
process of putting a mark on the specific area is per- 
formed in order to clearly indicate the specific area. 

25 After the micro-specimen has been separated from the 
tip of the probe, an FIB is irradiated to the specific area 
to be observed as indicated by the mark in order to 
carry out additional fabrication such as film thinning. 
[001 6] It should be noted that in the process of firmly 

30 joining the tip of the probe to the vicinity of the specific 
area to be observed, the tip can be joined to the vicinity 
through an ion-beam assist deposition film or a redepo- 
sition film created by ion-beam sputtering or joined by a 
fusion or metallic-junction technique. 

35 [001 7] In the process of separating the tip of the probe 
from the micro-specimen, on the other hand, an ion- 
beam sputtering fabrication method can be adopted. As 
an alternative, if a method of using adhesive as a tech- 
nique of firmly joining the tip of the probe to the micro- 

40 specimen, in the process of separating the tip of the 
probe from the micro-specimen, an UV-ray irradiation 
method or a heating method can be adopted. As 
another alternative, a method of electrostatic absorption 
can be adopted as a technique of firmly joining the tip of 

45 the probe to the micro-specimen. 

[0018] In addition, in order to achieve the second 
object of the present invention described above, the 
present invention provides a specimen fabrication appa- 
ratus which comprises: 

50 

a movable sample stage on which a specimen sub- 
strate is mounted; 

a probe connecting means for joining the tip of a 
probe to the vicinity of a desired area to be 
55 observed on the specimen substrate; 

a micro-specimen separating means for separating 
a micro-specimen including the area to be 
observed from the specimen substrate with the 
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micro-specimen joined to the tip of the probe as it is 
by irradiation of an ion beam to regions surrounding 
the vicinity of the area to be observed; 
a micro-specimen fixing means for firmly fixing the 
micro-specimen separated from the specimen sub- 
strate to a TEM-specimen holder; and 
a probe separating means for separating the tip of 
the probe from the micro-specimen firmly fixed to 
the TEM-specimen holder. 

[0019] The sample stage comprises a sample cas- 
sette and a movable sample cassette holder for holding 
the sample cassette^The sample cassette is used for 
holding the TEM-specimen holder or a cartridge of the 
TEM-specimen holder which can be mounted and 
removed on and from the sample stage of the observa- 
tion apparatus. 

[0020] Typically, a probe exhibiting a spring effect can 
be used as the probe described above. 
[0021] The probe connecting means typically com- 
prises a probe contact means for bringing the tip of the 
probe into contact with the surface of the specimen sub- 
strate, and a deposition-film forming means for forming 
an ion-beam assist deposition film (an IBAD film) at the 
contact portion between the tip of the probe and the sur- 
face of the specimen substrate. Typically, the probe con- 
tact means has a manipulator mechanism for holding 
the probe and moving the probe relatively to the surface 
of the specimen substrate. On the other hand, the dep- 
osition-film forming means typically comprises an ion- 
beam irradiating optical system for irradiating an ion 
beam to the contact portion between the tip of the probe 
and the surface of the specimen substrate, and a gas 
supplying means for supplying gas for assisted deposi- 
tion to the contact portion to which the ion beam is irra- 
diated. The tip of the probe is firmly joined to the surface 
of the specimen substrate through the IBAD film formed 
by the deposition-film forming means. 
[0022] The micro-specimen separating means has a 
configuration including an ion-beam irradiating optical 
system for irradiating an ion beam to the specimen sub- 
strate. The ion-beam irradiating optical system is typi- 
cally a PJIB (projection ion beam) irradiating optical 
system comprising an ion source and a projection opti- 
cal system for projecting ions emitted from the ion 
source on the specimen substrate as a PJIB. As an 
alternative, the ion-beam irradiating optical system can 
be an FIB (focused ion beam) irradiating optical system 
comprising an ion source and a focusing optical system 
for irradiating ions emitted from the ion source on the 
specimen substrate as an FIB. As another alternative, 
the ion-beam irradiating optical system can be a combi- 
nation of the PJIB irradiating optical system and the FIB 
irradiating optical system. By irradiation of an ion beam 
which can be a PJIB or an FIB to the specimen sub- 
strate by means of the ion -beam irradiating optical sys- 
tem, the specimen substrate is subjected to sputter 
fabrication allowing the micro-specimen to be extracted 



and separated from the specimen surface. In addition, 
the micro-specimen separating means can also be con- 
figured to include a first ion-beam irradiating optical sys- 
tem for irradiating an ion beam to the specimen 

5 substrate from a first direction and a second ion-beam 
irradiating optical system for irradiating an ion beam to 
the specimen substrate from a second direction differ- 
ent from the first direction. By providing the two ion- 
beam irradiating optical systems in this way, the process 

w to extract a micro-specimen from the specimen sub- 
strate can be carried out more easily. It should be noted 
that, as the micro-specimen separating means, a laser- 
beam irradiating optical system or a combination of an 
ion-beam irradiating optical system and a laser-beam 

15 irradiating optical system can also be used as well. 
[0023] Typically, the micro-specimen fixing means 
comprises a specimen contact means for bringing a 
micro-specimen into contact with an area on the TEM- 
specimen holder to fix the micro-specimen to the area 

20 and a deposition-film forming means for forming an ion- 
beam assist deposition film (an IBAD film) at the contact 
portion between the micro-specimen and the area on 
the TEM-specimen holder to fix the micro-specimen to 
the area. The deposition-film forming means can have 

25 the same configuration as the deposition-film forming 
means employed in the probe contact means described 
earlier. The micro-specimen is firmly joined to the area 
on the TEM-specimen holder to fix the micro-specimen 
to the area through the IBAD film formed by the deposi- 

30 tion-f ilm forming means. 

[0024] The probe separating means is implemented 
typically-by a means for irradiating an ion beam to the 
IBAD film through which the micro-specimen is firmly 
joined to the area on the TEM-specimen holder. By irra- 

35 diation of an ion beam, the IBAD film fixing the tip of the 
probe to the micro-specimen is subjected to a sputter- 
ing process to remove the IBAD film, hence, allowing 
the tip of the probe to be pulled out from the micro-spec- 
imen. 

40 [0025] It should be noted that the probe connecting 
means and the micro-specimen fixing means can also 
use a redeposition film formed by ion-beam sputtering 
in place of an IBAD film or adopt a fusion or metallic- 
junction method. In this case, the probe separating 

45 means adopts the ion-beam sputtering fabrication. In 
addition, the probe connecting means and the micro- 
specimen fixing means can also adopt an adhesion 
method or an electrostatic absorption method instead of 
the methods described above. 

so [0026] The specimen fabrication apparatus provided 
by the present invention may include an observation 
unit for observing the surface of the specimen substrate, 
the tip of the probe or the vicinity of the TEM-specimen 
holder. The observation unit typically comprises an 

55 electron-beam irradiating optical system for irradiating 
an electron beam to the aforementioned member to be 
observed, a secondary-electron detector for detecting 
secondary electrons emitted by the observed member 
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due irradiation of the electron beam and a display sub- 
unit for displaying a secondary-electron image of the 
observed member by using a detection signal output by 
the secondary-electron detector. As an alternative, the 
observation unit can also be implemented by an optical 5 
observation apparatus such as an optical microscope. 
By observing the member to be observed using the 
observation unit, it is possible to obtain information on a 
contact/connection state between the tip of the probe 
and the surface of the specimen substrate, a separation 10 
state of the micro-specimen from the surface of the 
specimen substrate and a contact/connection state 
between the micro-specimen and the TEM -specimen 
holder. 

[0027] In addition, the specimen fabrication apparatus 15 
provided by the present invention may also be provided 
with a detector for detecting a contact/connection state 
as well as a separation state between the tip of the 
probe and the surface of the specimen substrate, 
between the micro-specimen and the specimen sub- 20 
strate and between the micro-specimen and the TEM- 
specimen holder. The detector can make use of varia- 
tions in contact resistance between the members 
brought into contact with each other or variations in volt- 
age contrast on the secondary-electron image men- 25 
tioned above. By virtue of the detector, it is possible to 
obtain information on the contact/connection state and 
the separation state between the respective members 
with a high degree of accuracy. 

[0028] The TEM-specimen holder typically comprises 30 
a metallic wire for holding the micro-specimen and a 
support unit for firmly supporting both the ends of the 
metallic wire. In the configuration of the TEM-specimen 
holder, the micro-specimen is firmly held by the metallic 
wire, allowing a specimen holding system suitable for 35 
observation using a TEM to be realized. 
[0029] Other objects of the present invention, its con- 
figurations and effects provided thereby will become 
apparent one after another from the following detailed 
description of embodiments. 40 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] Embodiments of the present invention are 
described by referring to the following drawings 45 
wherein: 

Fig. 1 is a diagram showing the basic configuration 
of a specimen fabrication apparatus as imple- 
mented by an embodiment of the present invention; 50 
Fig. 2 is process explanatory diagrams showing an 
example of the conventional method for fabrication 
of a specimen to be observed by using a TEM; 
Fig. 3 is process explanatory diagrams showing 
another example of the conventional method for 55 
fabrication of a specimen to be observed by using a 
TEM; 

Fig. 4 is process explanatory diagrams showing a 



further other example of the conventional method 
for fabrication of a specimen to be observed by 
using a TEM; 

Figs. 5A, 5B and 5C are diagrams each showing a 
typical configuration of main elements composing 
an ion-beam irradiating optical system employed in 
a specimen fabrication apparatus provided by the 
present invention; 

Figs. 6A, 6B and 6C are diagrams each showing a 
typical configuration of a probe driver employed in 
the specimen-fabrication apparatus provided by the 
present invention; 

Fig. 7 is diagrams each showing a typical configura- 
tion of the conventional TEM-specimen holder; 
Figs. 8A, 8B, 8C and 8D are diagrams each show- 
ing a typical configuration of a TEM-specimen 
holder of a metallic-wire type employed in the spec- 
imen fabrication apparatus provided by the present 
invention; 

Figs. 9A and 9B are diagrams showing a typical 
method of mounting the TEM-specimen holder 
employed in the specimen fabrication apparatus 
provided by the present invention on a sample cas- 
sette; 

Fig. 10 is a diagram showing a typical method of 
mounting a TEM-specimen holder cartridge 
employed in the specimen fabrication apparatus 
provided by the present invention on a sample cas- 
sette; 

Fig. 1 1 is explanatory diagrams used for describing 
a typical configuration and the function of a probe 
with a spring effect employed in the specimen fabri- 
cation apparatus provided by the present invention; 
Fig. 12 is a diagram showing an example of a 
method to heat a probe in the specimen fabrication 
apparatus provided by the present invention; 
Fig. 13 is diagrams showing an example of a 
method of junction based on a technique of electro- 
static absorption between the probe and a micro- 
specimen in the specimen fabrication apparatus 
provided by the present invention; 
Fig. 14 is a diagram showing an example of a 
method to heat a TEM-specimen holder in the 
specimen fabrication apparatus provided by the 
present invention; 

Fig. 15 is a diagram showing another example of 
the configuration of the specimen fabrication appa- 
ratus provided by the present invention; 
Fig. 16 is diagrams showing typical methods to sep- 
arate a micro-specimen in another example of the 
configuration of the specimen fabrication apparatus 
provided by the present invention; 
Fig. 17 is process explanatory diagrams showing 
another embodiment of the present invention for 
implementing a method for fabrication of a TEM 
specimen; 

Fig. 18 is process explanatory diagrams showing a 
further other embodiment of the present invention 



50 



55 



7 



11 



EP 0 927 880 A1 



12 



for implementing a method for fabrication of a TEM 
specimen; 

Fig. 19 is a diagram showing the basic configura- 
tion of a specimen fabrication apparatus as imple- 
mented by another embodiment of the present 
invention; 

Figs. 20A, 20B and 20C are diagrams each show- 
ing a typical configuration of a specimen transfer- 
ring unit employed in the specimen fabrication 
apparatus provided by the present invention; 
Fig. 21 is explanatory diagrams each showing a 
location at which the specimen transferring unit 
employed in the specimen fabrication apparatus 
provided by the present invention is installed; 
Fig. 22 is diagrams showing an example of a 
method to install a TEM-specimen holder in the 
specimen fabrication apparatus provided by the 
present invention; 

Fig. 23 is diagrams showing another example of a 
method to install the TEM-specimen holder in the 
specimen fabrication apparatus provided by the 
present invention; 

Fig. 24 is diagrams showing a further other exam- 
ple of a method to install the TEM-specimen holder 
in the specimen fabrication apparatus provided by 
the present invention; 

Fig. 25 is a diagram showing a still further other 
example of a method to install the TEM-specimen 
holder in the specimen fabrication apparatus pro- 
vided by the present invention; 
Fig. 26 is explanatory diagrams each showing an 
embodiment implementing the TEM-specimen 
holder in the specimen fabrication apparatus pro- 
vided by the present invention; 
Fig. 27 is process explanatory diagrams showing a 
method for fabrication of a specimen as imple- 
mented by another embodiment of the present 
invention; 

Fig. 28 is a diagram showing another typical config- 
uration of a specimen transferring unit employed in 
the specimen fabrication apparatus provided by the 
present invention; 

Fig. 29 is diagrams showing a procedure for bring- 
ing the tip of a probe into contact with the surface of 
a specimen substrate by using the specimen trans- 
ferring unit shown in Fig. 28; and 
Fig. 30 is a flowchart used for explaining the proce- 
dure for bringing the tip of a probe into contact with 
the surface of a specimen substrate shown in Fig. 
29. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031 ] The present invention will become more appar- 
ent from a careful study of the following detailed 
description of some preferred embodiments with refer- 
ence to the accompanying diagrams. 



< First Embodiment) 

[0032] Fig. 1 is a diagram showing the basic configu- 
ration of a specimen fabrication apparatus as imple- 
5 mented by an embodiment of the present invention. 
[0033] As shown in the figure, the specimen fabrica- 
tion apparatus implemented by the embodiment of the 
present invention comprises: 

10 an ion-beam irradiating optical system 1 for irradiat- 
ing an ion beam 13 to a specimen substrate 2 of a 
specimen, that is, an object of observation, such as 
a semiconductor wafer or a semiconductor chip; 
a sample stage 3 for moving the specimen sub- 
75 strate 2 mounted thereon; 

a sample-stage position controller 3' for controlling 
the position of the sample stage 3 in order to iden- 
tify a portion of the specimen substrate 2 to be 
observed or an area to be observed; 
20 a probe driver 4 for holding and moving a probe 1 1 ; 
a probe-driver controller 4* for controlling the probe 
driver 4; 

a deposition-gas supplying source 8 for supplying 
deposition gas, that is, gas used for deposition, to 
25 the vicinity of the area on the specimen substrate 2 
to be observed; 

a deposition-gas supplying source controller 8' for 
controlling the deposition-gas supplying source 8; 
an electron-beam irradiating optical system 9 for 
30 irradiating an electron beam 1 6 to the surface of the 
specimen substrate 2; and 
a secondary-electron detector 12 for detecting sec- 
ondary electrons emitted by the surface of the 
specimen substrate 2. 

35 

[0034] Note that it is needless to say that the ion-beam 
irradiating optical system 1, the sample stage 3, the 
probe driver 4, the deposition-gas supplying source 8, 
the electron-beam irradiating optical system 9 and the 
40 secondary-electron detector 1 2 are laid out in a vacuum 
chamber 77 which is put in a state at a high degree of 
vacuum. 

[0035] The sample stage 3 comprises a sample cas- 
sette 17 for mounting the specimen substrate 2 and a 
45 cassette holder 18 for firmly holding the sample cas- 
sette 17. The sample stage 3 is also provided with a 
TEM-specimen holder clasp 20 for holding a TEM- 
micro-specimen holder 19 which is also referred to 
hereafter as a TEM holder. The TEM-specimen holder 
so 1 9 is used for holding a micro-specimen separated from 
the specimen substrate 2 mounted on the sample stage 
3 and introducing the micro-specimen into an observa- 
tion/analysis apparatus such as a TEM which is not 
shown in the figure. The sample stage 3 is controlled 
55 and driven by the sample-stage position controller 3' in 
order to arbitrarily set the orientation of the specimen 
substrate 2 in the 3-dimensional directions as well as a 
tilt angle and a rotation angle of the specimen substrate 
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2 with respect to the axis of the ion beam 1 3. In this way, 
an irradiation position (or a fabrication position) of the 
ion beam on the surface of the specimen substrate 2 as 
well as a glancing angle and a rotation angle of the ion 
beam 13 with respect to the surface of the specimen 5 
substrate 2 can be set arbitrarily. 
[0036] The ion-beam irradiating optical system 1 irra- 
diates an ion beam 13 to regions on the surface of the 
specimen substrate 2 surrounding the area to be 
observed in order to separate or to cut out a micro-spec- 10 
imen including the area to be observed from the speci- 
men substrate 2 by adopting the ion-beam sputtering 
fabrication method. The ion beam 13 is used as an 
assist ion beam in a ion-beam assist deposition method 
(abbreviated to as an I BAD method) for f irmly joining the is 
tip of the probe 1 1 to the surface of the specimen sub- 
strate 2 in the vicinity of the area to be observed. In 
addition, the ion beam 13 is also used as an assist ion 
beam in the IBAD method for firmly joining a micro- 
specimen separated from the specimen substrate 2 to 20 
the TEM-specimen holder 19. Finally, the ion beam 13 
is also used in an ion-beam sputtering fabrication for 
separating or detaching the tip of the probe 1 1 from the 
micro-specimen which was firmly joined to the TEM- 
specimen holder 19. The ion-beam irradiating optical 25 
system 1 is driven and controlled by an ion-beam driver 
7. 

[0037] The probe driver 4 is a so-called manipulator 
used for bringing the tip of the probe 1 1 into contact with 
the vicinity of the area to be observed on the surface of 30 
the specimen substrate 2 and for conveying a micro- 
specimen separated from the specimen substrate 2 to 
the TEM-specimen holder 19 with the micro-specimen 
firmly joined to the tip of the probe 1 1 . The probe driver 
4 is driven and controlled by the probe-driver controller 35 
4'. 

[0038] The deposition-gas supplying source 8 sup- 
plies deposition gas to the vicinity of the area to be 
observed on the surface of the specimen substrate 2 to 
form a deposition film by using the IBAD method. The 40 
tip of the probe 1 1 is firmly joined to the surface of the 
specimen substrate 2 through the deposition film. The 
deposition gas is also used for firmly joining the micro- 
specimen separated from the specimen substrate 2 to 
the TEM-specimen holder 19 by using the IBAD as 
method. As the deposition gas, hexacarbonyl tungsten 
[W(CO)6] is typically used. To put it in detail, while the 
gas is being supplied to a space between members to 
be firmly joined to each other, that is, between the tip of 
the probe 1 1 and the surface of the specimen substrate so 
2 or between the micro-specimen and the TEM-speci- 
men holder 1 9, an ion beam 1 3 is irradiated to the space 
to form a tungsten film (W film) therein. It is the W film 
that firmly joins the members to be connected to each 
other. In order to separate the tip of the probe 1 1 from 55 
the micro-specimen which have been firmly joined to 
each other by the W film, on the other hand, an ion 
beam 13 is irradiated to the W film. In this way, the W 



film for joining the tip of the probe 1 1 to the micro-spec- 
imen is removed by an ion-beam sputtering method 
which is abbreviated to an IBS method to the tip of the 
probe 1 1 from the micro-specimen. The deposition -gas 
supplying source 8 is driven and controlled by the dep- 
osition-gas supplying source controller 8\ 
[0039] The electron-beam irradiating optical system 9 
and the secondary-electron detector 12 constitute an 
observation unit for observing the surface of the speci- 
men substrate 2 by using an SEM (scanning electron 
microscope) method. The observation unit irradiates an 
electron beam 16 emitted from the electron-beam 
source 14 to the surface of the specimen substrate 2 
while sweeping the electron beam 16 in a scanning 
operation over the surface of the specimen substrate 2 
by means of a deflector lens 15, Secondary electrons 
emitted by the surface of the specimen substrate 2 are 
detected by the secondary-electron detector 12 to be 
displayed as an SEM (scanning electron microscope) 
image of the surface of the specimen substrate 2 on a 
display sub-unit (CRT) 5. It should be noted that this 
observation unit is also used for observing the vicinity of 
the tip of the probe 1 1 and the vicinity of the TEM-spec- 
imen holder 19. By such observation, it is possible to 
verify conditions and states such as the condition of the 
surface of the area to be observed, the state of separa- 
tion of the micro-specimen from the specimen substrate 
2, the state of joining of the tip of the probe 1 1 to the sur- 
face of the specimen substrate 2, the state of joining of 
the micro-specimen to the TEM-specimen holder 19 
and the state of separation of the TEM-specimen holder 
19 from the micro-specimen. It should be noted that the 
state of separation of the micro-specimen from the 
specimen substrate 2 can also be verified by detecting 
changes in voltage contrast of the SEM image. In addi- 
tion, the state of joining and the states of separation can 
also be verified by detecting changes in electrical resist- 
ance (or contact resistance) between the probe 11 and 
the sample stage 3. The electron-beam irradiating opti- 
cal system 9 is driven and controlled by an electron- 
beam driver 10. 

[0040] It is worth noting that, since the size of the 
micro-specimen extracted from the specimen substrate 
2 is in the range 10 to 100 microns square, an optical 
microscope can be used as a surface observing means. 
[0041 ] It should be noted that the sample-stage posi- 
tion controller 3', the probe-driver controller 4', the ion- 
beam driver 7, the deposition -gas supplying source 
controller 8', the electron-beam driver 10 and the dis- 
play sub-unit 5 are controlled by a central processing 
unit (CPU) 6 which serves as a central controller. 
[0042] The following is a description of configurations 
of components composing the specimen fabrication 
apparatus presented in concrete terms and a descrip- 
tion of processes implementing the method for fabrica- 
tion of a specimen using the apparatus. 
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1-1 [Ion-Beam Irradiating Optical System] 

[0043] Fig. 5A is a diagram showing a typical configu- 
ration of main elements composing an ion-beam irradi- 
ating optical system 1 for irradiating a projection ion s 
beam (PJIB). As shown in the figure, an ion beam emit- 
ted by an ion source 41 is irradiated to a stencil mask 44 
by a beam limiting aperture 42 and an illumination lens 
43. The ion beam passing through an opening 45 of the 
stencil mask 44 is then irradiated to the surface of the 10 
specimen substrate 2 mounted on the sample stage 3 
by a projection lens 46. A PJIB 13 formed in this way 
fabricates a figure similar to the opening 45 on the sur- 
face of the specimen substrate 2. In the case of a PJIB, 
the divergence of the ion beam right after leaving the ion 75 
source 41 does not have a direct effect on aberration. 
Thus, the ion-beam limiting angle provided by the beam 
limiting aperture 42 can be set at a large value. As a 
result, the magnitude of the ion-beam current can be 
increased, giving rise to a characteristic of a high fabri- 20 
cation speed. 

[0044] By designing the opening 45 provided on the 
stencil mask 44 into a rectangular pattern with a side 48 
thereof passed through by the optical axis 47 as shown 
in Fig. 5B, the amount of side blurring of the PJIB 13 25 
corresponding to the side 48 can be made extremely 
small so that the resolution of a corresponding dent 
formed on the specimen substrate 2 by continuous pro- 
jection of the PJIB 13 can be increased. As a result, a 
fabricated surface corresponding to the side 48 is a 30 
cross-sectional surface perpendicular to the surface of 
the specimen substrate 2. By providing a rectangular 
opening 45 with a side 48 thereof passing through the 
optical axis 47 as described above, it is possible to cre- 
ate a structure with its wall surface erectly cut in the per- 35 
pendicular direction. For more information on this, refer 
to Japanese Patent Laid-open No. Hei 9-162098 with a 
title of the invention "Method and Apparatus for Ion- 
Beam Fabrication". 

[0045] On the other hand, Fig. 5C is a diagram show- 40 
ing a typical configuration of main elements composing 
an ion-beam irradiating optical system 1 for irradiating a 
focused ion beam (FIB). As shown in the figure, an ion 
beam emitted by an ion source 41 is formed into a 
focused ion beam (FIB) 52 after passing through a 45 
beam limiting aperture 42', a condenser lens 49 for sup- 
pressing divergence of the ion beam and focusing the 
ion beam and an objective lens 50 for focusing the ion 
beam on the surface of the specimen substrate 2. By 
sweeping the focused ion beam 52 in a scanning oper- so 
ation over the surface of the specimen substrate 2 using 
a deflector 51 , an area with the scanning shape on the 
specimen substrate 2 is fabricated. By using such a 
focused ion beam 52, fabrication can be carried out with 
a high degree of precision. In addition, the FIB irradiat- 55 
ing optical system 1 can also be used as a means for 
observing the surface of the specimen substrate 2. In 
order to maintain the high focusing ability of the focused 



ion beam 52 which is used to implement fabrication with 
a high degree of precision, however, it is necessary to 
suppress chromatic aberration and spherical aberra- 
tion. In order to suppress the chromatic aberration and 
the spherical aberration, it is necessary to limit the aper- 
ture angle of the ion beam by means of the beam limit- 
ing aperture 42'. In consequence, the magnitude of the 
ion-beam current can not be increased to a large value. 
As a result, the FIB irradiating optical system 1 has a 
shortcoming that the fabrication speed is not so high. It 
should be noted that there are some methods to 
increase the fabrication speed such as an FIB (focused 
ion beam) assisted etching method whereby sputtering 
is carried out while reactive gas is being supplied to the 
surface of the specimen substrate 2. In order to use the 
focused ion beam 52 as an observation means, it is 
necessary to execute the steps of scanning the surface 
of the specimen substrate 2 by the focused ion beam 
52, detecting secondary electrons 53 emanating from 
the surface of the specimen substrate 2 by means of the 
secondary-ion detector 12 and displaying an image rep- 
resenting the secondary electrons 53. 
[0046] As described above, if a P J I B is used as an ion 
beam for fabrication of a specimen, there is offered a 
merit that high-speed fabrication can be implemented. If 
an FIB is used as an ion beam for fabrication of a spec- 
imen, on the other hand, gained merits are a capability 
of implementing high-precision fabrication and an ability 
of the FIB irradiating optical system to also serve as an 
observation means. 

1-2 [Probe Driver] 

[0047] Figs. 6A, 6B and 6C are diagrams each show- 
ing a typical configuration of the probe driver 4. As 
shown in Fig. 6A, the probe driver 4 is introduced into 
the inside of the vacuum chamber 77 from the outside 
thereof through a window 62 on a side wall 54 of the 
vacuum chamber 77. In this structure, the probe 1 1 can 
be moved independently of the sample stage 3 and, in 
addition, the probe 1 1 can be moved to the specimen 
substrate 2 and the TEM-specimen holder 19 with ease. 
[0048] As shown in Fig. 6A, the probe driver 4 com- 
prises 2 units, namely, a coarse-movement actuator 56 
and a fine-movement actuator 55. A coarse movement 
of the probe 1 1 driven by the coarse-movement actuator 
56 in the X-axial direction of a coarse-movement shaft 
65 takes place due to a force which is generated as a 
result of expanding and shrinking a spring 60 by means 
of an adjustment screw 57 for sliding a shaft 59. A 
coarse movement of the probe 11 in the Z-axial direc- 
tion takes place due to a force which is generated as a 
result of expanding and shrinking a spring 61 by means 
of an adjustment screw 58 for swinging the shaft 59 
around a supporting point 63. A coarse movement of 
the probe 11 in the Y-axial direction takes place in 
accordance with the same principle as the coarse 
movement in the Z-axial direction except that an adjust- 
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ment screw for a coarse movement in the Y-axial direc- 
tion is not shown in the figure. The adjustment screw for 
a coarse movement in the Y-axial direction is provided 
at a location in front of this drawing paper. The springs 
60 and 61 are used for pressing the shaft 59 against the 5 
ends of the adjustment screws 57 and 58 respectively. A 
spring for a coarse movement in the Y-axial direction 
which is not shown in the figure is installed in the same 
way as the spring 61 for a coarse movement in the Z- 
axial direction. As will be described below, the positional w 
precision of the coarse-movement actuator 56 has a 
value smaller than the stroke of a fine-movement actua- 
tor 55. Required of as compact a design as possible, the 
fine-movement actuator 55 employs a piezoelectric 
device. Particularly, in the case of this embodiment, a 75 
bimorph-type piezoelectric device is selected. The 
bimorph-type piezoelectric device offers a merit of a rel- 
atively large movement range of at least several hun- 
dreds of microns in comparison with piezoelectric 
devices of other types. On the other hand, since the 20 
coarse-movement actuator 56 is not required of a high 
positional precision, the coarse-movement actuator 56 
can be manufactured with ease. In addition, it is suffi- 
cient to control the position of the tip of the probe 1 1 at 
a micron order. Thus, a bimorph-type piezoelectric 2 s 
device which has a relatively poor resolution in compar- 
ison with piezoelectric devices of other types is capable 
of satisfying this requirement. 
[0049] Fig. 6B is a diagram showing a typical configu- 
ration of the fine-movement actuator 55 employing 3 30 
bimorph-type piezoelectric devices for fine movements 
in the 3 axial directions respectively in concrete terms. 
To be more specific, the fine-movement actuator 56 
employs bimorph-type piezoelectric devices 66, 67 and 
68 for fine movements in the X, Y and Z axial directions 35 
respectively as shown in the figure. A probe holder 70 
fixes the probe 1 1 to a 3-axial-direction fine-movement 
unit, that is, the movement-side end of the bimorph-type 
piezoelectric device 68 . The fixed-side end of the 
bimorph-type piezoelectric device 67 is firmly joined to a 40 
coarse-movement shaft 65 through a fine-movement- 
unit fixing fixture 69. The bimorph-type piezoelectric 
devices 66, 67 and 68 can each be driven by applying a 
simple voltage without requiring a special circuit By uti- 
lizing the bimorph-type piezoelectric devices 66, 67 and 45 
68 in this way, a compact fine-movement actuator 55 
offering a large stroke can be realized more economi- 
cally. A reason why it is necessary to build a compact 
fine-movement actuator 55 is described as follows. 
[0050] In the case of a specimen substrate 2 fabri- 50 
cated by using a focused ion beam (FIB) 52 explained 
earlier by referring to Fig. 5C, the shorter the distance 
from the objective lens 50 to the specimen substrate 2, 
the higher the degree to which the fabrication precision 
can be improved. In addition, in the case of a specimen 55 
substrate 2 fabricated by using a projected ion beam 
(PJIB) 13 explained earlier by referring to Fig. 5A, the 
shorter the distance from the projection lens 46 to the 



specimen substrate 2, the greater the value to which the 
projection magnification of the opening 45 can be 
increased. That is, in the case of either ion beam in use, 
it is desirable to have a short distance between the 
specimen substrate 2 and the lens at the last stage. In 
consequence, the volumes of the space between the 
specimen substrate 2 and the lens at the last stage and 
the surrounding space are limited. In the space sur- 
rounding the specimen substrate 2, among other com- 
ponents, the observation means, the secondary- 
electron detector 12, a deposition-gas supplying nozzle 
8 and, in some cases, a nozzle for supplying gas for 
assist etching are provided. In order to avoid interfer- 
ence with these components, the end of the probe 
driver 4, that is, the fine-movement actuator 55, has to 
be made as compact as possible. 
[0051] In the conventional technology shown in Fig. 4, 
the manipulator for conveying a micro-specimen sepa- 
rated from a specimen substrate comprises bimorph- 
type piezoelectric devices for movements in the 3 axial 
directions. However, a location at which the manipulator 
is installed is not clarified. However, the conventional 
method for fabrication of a specimen of Fig. 3 described 
in an official report can be interpreted that the manipu- 
lator is mounted on the sample stage. With the manipu- 
lator mounted on the sample stage, in the case of an 
area to be observed existing at the center of the wafer, 
a distance from the installation position of the manipula- 
tor to the area to be observed is much longer than the 
movement stroke of the manipulator. As a result, in the 
conventional technology whereby the manipulator is 
mounted on the sample stage, there is raised a fatal 
problem of an inability to reach such an area to be 
observed. 

[0052] On the other hand, the probe driver 4 shown in 
Fig. 6A is separated away from the sample stage 3 so 
that, even if an area to be observed exists at the center 
of a large sample (wafer), the area can be accessed 
without problems. In addition, when the probe 11 is not 
in use, the coarse- movement actuator 56 is capable of 
moving the probe 1 1 and the fine-movement actuator 55 
over a long distance to preserved locations to give no 
hindrance to other components. 
[0053] Another typical configuration of the probe 
driver 4 is shown in Fig. 6C. In this embodiment, a first 
probe driving mechanism 76 provided with both the 
coarse-movement and fine-movement functions is suffi- 
ciently separated from the sample stage 3. A second 
probe driving mechanism 72 is attached to the move- 
ment-side end of the probe driving mechanism 76 
through an extension rod 71. Implemented by a 
bimorph-type piezoelectric device, the second probe 
driving mechanism 72 has only the fine-movement func- 
tion in the Z-axial direction. The probe 1 1 is firmly fixed 
to the movement- side end of the second probe driving 
mechanism 72. In comparison with the configuration 
shown in Fig. 6B, this configuration offers the following 
merits. In the case of the configuration shown in Fig. 6B, 
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the probe 1 1 is driven in the X, Y and Z axial directions 
by the respective bimorph-type piezoelectric devices. 
Each of the bimorph-type piezoelectric devices has one 
end thereof serving as a fixed supporting point and the 
other end swinging to bend the device. That is, the other s 
end moves along an arc-shaped locus in accordance 
with an applied voltage. Strictly speaking, in a move- 
ment on the XY plane, driven only by 1 bimorph-type 
piezoelectric device, for example, by the piezoelectric 
device 66 for movements in the X-axial direction, the tip w 
of the probe 1 1 does not move in the X-axial direction 
along a truly straight line, that is, the tip of the probe 1 1 
does not move in the X-axial direction with a high 
degree of accuracy. Thus, with the fine-movement actu- 
ator 55 comprising the 3 bimorph-type piezoelectric 15 
devices 66, 67 and 68, in order to move the tip of the 
probe 1 1 to a desired location with a high degree accu- 
racy, it is necessary to move each of the 3 bimorph-type 
piezoelectric devices 66, 67 and 68 by taking the move- 
ments of the others into consideration. As a result, there 20 
is raised a problem of complex operations to drive the 3 
bimorph-type piezoelectric devices 66, 67 and 68 in 
such a manner that their movements are dependent on 
each other. In order to solve this problem, it is neces- 
sary to employ a probe driving mechanism that is capa- 2 s 
ble of moving the probe 1 1 along a straight line with a 
high degree of accuracy. If the probe driving mechanism 
is also required to have a capability of moving the probe 
1 1 by a long stroke in the range 100 microns to several 
mm as well as a resolution better than the micron order, 30 
the structure of the probe driving mechanism will 
become complicated and will become big in size in com- 
parison with a bimorph-type piezoelectric device. As a 
result, a problem of positional interference with other 
components surrounding the sample stage 3 will remain 35 
to be solved. 

[0054] In the case of the probe driver 4 shown in Fig. 
6C, on the other hand, the first probe driving mecha- 
nism 76 comprises an X-axial -direction actuator 73, a Y- 
axial-direction actuator 74 and a Z-axial-direction actua- 40 
tor 75 each having a stroke of about 5 mm and a move- 
ment resolution of 0.1 microns to form a structure 
equipped with both the coarse-movement and fine- 
movement functions. As described above, a variety of 
other components coexist in a layout between the lens 45 
46 or 50 provided at the last stage as shown in Fig. 5A 
or 5C respectively and the substrate. In the configura- 
tion of the probe driver 4 shown in Fig. 6C, the probe 
driver 4 is relieved of contention for space with the other 
components, allowing a micro-specimen to be extracted so 
and conveyed with ease. 

[0055] By employing the probe driver 4 described 
above, the tip of the probe 1 1 can be positioned on the 
surface of the specimen substrate 2 at a resolution of 
the sub-micron order. In addition, since the probe 1 1 55 
can be moved independently of the sample stage 3 by 
not mounting the probe driver 4 on the sample stage 3, 
an access by the tip of the probe 1 1 to the specimen 



substrate 2 and the TEM-specimen holder 19 can be 
made with ease. 

[0056] It is possible to verify the state of joining of the 
tip of the probe 11 to the surface of the specimen sub- 
strate 2, the state of separation of the micro-specimen 
from the specimen substrate 2, the state of joining of the 
micro-specimen to the TEM-specimen holder 19 and 
the state of separation of the TEM-specimen holder 19 
from the micro-specimen by detecting changes in volt- 
age contrast of a secondary-electron image obtained 
from a detection signal generated by the secondary- 
electron detector 12. These states can also be verified 
by monitoring a contact resistance between the probe 
1 1 and the sample stage 3 and detecting a change in 
detected contact resistance. 

1-3 [TEM-Specimen Holder] 

[0057] Figs. 8A, 8B, 8C and 8D are diagrams each 
showing a typical configuration of the TEM-specimen 
holder 19 in concrete terms. The TEM-specimen holder 
19 shown in Fig. 8A has a structure wherein a metallic 
wire 83 is firmly attached to a donut-like fixed unit hav- 
ing a notch 84'. The metallic wire 83 has a diameter in 
the range 10 to 500 \ur\0. The fixed unit 84 has dimen- 
sions that allow the fixed unit 84 to be mounted on a 
stage for introducing an ordinary TEM specimen. Such 
a stage is referred to hereafter as a TEM stage. In this 
embodiment, the fixed unit 84 has an external diameter 
of 3 mm0. Effectiveness of the TEM-specimen holder 
19 of the metallic-wire type is explained as follows. 
[0058] In order to separate a micro-specimen 40 from 
the specimen substrate 2, it is necessary to separate 
the bottom surface of the micro-specimen 40 from the 
specimen substrate 2. Such separation is referred to 
hereafter as bottom dividing. In the bottom dividing by 
means of an ion beam, it is necessary to carry out fabri- 
cation wherein the ion beam is radiated to the surface of 
the specimen substrate 2 in slanting direction with 
respect to the surface. Thus, the bottom surface of the 
micro-specimen 40 has 2 inclinations, namely, an inci- 
dent angle of the ion beam radiated during the bottom- 
dividing and an aspect ratio of fabrication. By using the 
TEM-specimen holder 19 of the metallic-wire type 
described above, however, a micro-specimen 40 can be 
brought into contact with the metallic wire 83 correctly 
with a cross-sectional surface of a desired observation 
area 86 oriented perpendicularly as it is even if the 
micro-specimen 40 has the bottom inclinations. Refer to 
Fig. 8D. Assume that a micro-specimen 40 with an area 
of 10 microns X 30 microns and a depth of 10 microns 
is cut out from a specimen substrate 2 by fabrication 
using an ion beam with the sample stage 3 inclined at 
an angle of 60 degrees. In this case, the diameter of the 
metallic wire 83 that does not put a desired observation 
area 86 under a shadow has a value in the range 40 to 
50 pm0. By mounting the micro-specimen 40 on the 
TEM-specimen holder 19 of the metallic-wire type, a 
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contact portion on the metallic wire 83 between the 
micro-specimen 40 and the metallic wire 83 can be 
selected with a high degree of freedom. In addition, an 
electron beam 82 passing through the desired observa- 
tion area 86 can be prevented from being shielded by 5 
the metallic wire 83 as shown in Fig. 8B. 
[0059] Also in a TEM-specimen holder 19 of the 
metallic wire type having a metallic-wire fixing unit 85 as 
shown in Fig. 8C, the same effects as those described 
above can be obtained. In addition, by firmly attaching a 10 
plurality of micro-specimens 40-1, 40-2 and 40-3 to a 
metallic wire 83 as shown in Fig. 8D, the same plurality 
of micro-specimens 40-1 , 40-2 and 40-3 can be brought 
into a TEM at one time to give a merit of an increased 
efficiency of the observation using a TEM. By using a is 
TEM-specimen holder 19 of the metallic wire type as 
described above, an infinitesimal micro-specimen can 
be mounted with ease and the path of an electron beam 
for observation using a TEM can be prevented from 
being shielded by the metallic wire 83. 20 

1-4 [Sample Cassette and TEM-Specimen Holder] 

[0060] Figs. 9A and 9B are diagrams each showing a 
typical configuration for mounting a TEM-specimen 25 
holder 19 on a sample cassette 17. In these configura- 
tions, the TEM-specimen holder 19 of the metallic-wire 
type shown in Fig. 8A is used as a TEM-specimen 
holder 19. Fig. 9A is diagrams showing the entire sam- 
ple cassette 17 and an enlarged portion of it, that is, a 30 
portion enclosed in a dotted- line circle. As shown in the 
figure, a trench for seating the TEM-specimen holder 19 
is created on the sample cassette 17. The TEM-speci- 
men holder 19 is fixed, being sandwiched by the end 
surface of the trench and the TEM-specimen holder 35 
clasp 20. At that time, the TEM-specimen holder 19 is 
set up so that the position of the metallic wire 83 
employed in the TEM-specimen holder 19 in the per- 
pendicular direction is made close to a position on the 
surface of the specimen substrate 2 and a position hold- 40 
ing a micro-specimen 40 to be extracted is placed at the 
same level as the surface of the specimen substrate 2. 
In this posture of the TEM-specimen holder 19, it is not 
necessary to move the probe 1 1 much up and down in 
the Z-axial direction, allowing a high-speed access to a 45 
desired location by the probe 1 1 to be made with ease. 
In addition, the possibility that an injury is inflicted on the 
sample can be reduced. In the configuration shown in 
Fig. 9B, a plurality of trenches 20-1 , 20-2, 20-3 and 20- 
4 for seating TEM-specimen holders 1 9 are provided on so 
the sample cassette 1 7. In this configuration, since a 
plurality of TEM-specimen holders 19-1, 19-2, 1903 and 
19-4 can be mounted on the sample cassette 17 at the 
same time, a plurality of micro-specimens 40 can be 
extracted from the same specimen substrate 2 in an 55 
operation earned out only once to put the sample cham- 
ber 77 in a vacuum state, allowing the efficiency of the 
specimen fabrication to be further improved. 



[0061] Fig. 1 0 is a diagram showing a typical configu- 
ration for mounting the TEM-specimen holder 19 on the 
sample cassette 17. As shown in the figure, on a TEM 
stage 87, the TEM-specimen holder 19 and peripherals 
thereof are formed into a holder cartridge 88. A plurality 
of holder cartridges 88 are mounted on the sample cas- 
sette 17. In this configuration, the TEM stage 87 is 
inserted from the outside of the vacuum chamber 77 
through a side entrance and a desired holder cartridge 
88 is mounted on the TEM stage 87. The TEM stage 87 
can then be introduced into the TEM-specimen cham- 
ber with a holder cartridge mounted thereon as it is. In 
this way, by forming a TEM-specimen holder 19 and 
peripherals thereof of the TEM stage 87 into a holder 
cartridge 88, a micro-specimen 40 can now be mounted 
on a TEM with ease. 

1-5 [Probe] 

[0062] Fig. 11 is explanatory diagrams used for 
describing a typical configuration of the probe 11. In 
particular, the figure shows a typical configuration of a 
probe 11 exhibiting a spring effect. As shown in Fig. 
1 1/(a), at a middle of a long and thin probe 1 1 , a spring- 
structure portion 89 having a curved shape is provided. 
In this configuration, when the tip of the probe 1 1 is 
brought into contact with a micro-specimen formation 
area 2-1 on the surface of the specimen substrate 2, an 
impact force generated between the probe 1 1 and the 
micro-specimen formation area 2-1 is absorbed by the 
spring-structure portion 89, preventing both the tip of 
the probe 1 1 and the micro-specimen formation area 2- 
1 from being injured. In addition, even if the position of a 
probe holder 91 relative to a contact position 90 
changes subtly due to thermal drift or the like after the 
tip of the probe 1 1 has been brought into contact with 
the micro-specimen formation area 2-1, the contact 
position 90 can be sustained at a stable location by a 
spring effect of the spring-structure portion 89 as shown 
for example in Fig. 11/(c). 

[0063] By using a probe exhibiting a spring effect as 
described above, an injury can be prevented from being 
inflicted upon both the probe 1 1 and the micro-speci- 
men 40. In addition, the posture of the probe 1 1 can be 
compensated for a change in position of the probe 1 1 
relative to the micro-specimen 40 caused by thermal 
drift or the like. 

1 -6 [Means for Fixing the Tip of the Probe to a Micro- 
Specimen Formation Area and Separating Them from 
Each Other] 

[0064] As a method for fixing the tip of the probe 1 1 to 
a portion on the specimen substrate 2 to be created as 
a micro-specimen 40, a technology of creating a depo- 
sition film by the I BAD method has been described. On 
the other hand, a technology of removing the deposition 
film by the IBS method is adopted as described earlier. 
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Other methods for fixing the tip of the probe 11 to a 
micro-specimen formation area 2-1 and separating the 
probe 1 1 from the micro-specimen 40 are described as 
follows. 

[0065] In place of the IBAD method using deposition 
gas described earlier, the tip of the probe 1 1 can also be 
firmly joined to a portion on the specimen substrate 2 to 
be created as a micro-specimen 40 through a film cre- 
ated by redeposition of ion-beam sputter particles ema- 
nating from the specimen substrate 2 on the specimen 
substrate 2. Such a film is referred to hereafter as a 
redeposition film. As a method to separate the probe 1 1 
from the micro-specimen 40, a technique of peeling off 
the redeposition film using the IBS method can be 
adopted. As an alternative, the probe 1 1 can also be 
separated from the micro-specimen 40 by cutting off the 
probe 11 by using the IBS method. 
[0066] As another alternative, adhesive is applied to 
the surface of the tip of the probe 1 1 in advance and 
then, by merely bringing the tip of the probe 1 1 into con- 
tact with a micro-specimen formation area 2-1 , the tip of 
the probe 1 1 can be firmly joined to the micro-specimen 
formation area 2-1. Unlike the a technique of using a 
deposition film by adoption of the IBAD method 
described earlier, this other-alternative method-offers a 
merit that the length of time it takes to carry out the work 
of joining the tip of the probe 1 1 to the micro-specimen 
formation area 2-1 can be reduced. As the adhesive, it 
is possible to use UV-ray exfoliative adhesive, the stick- 
ing power of which can be reduced by irradiation of an 
ultraviolet ray thereto. If such adhesive is used, the 
probe 1 1 can be separated from the micro-specimen 40 
by using an ultraviolet-ray radiating means. In this case, 
however, a capability of radiating an ultraviolet ray to the 
contact portion is required as a condition. Thus, such 
adhesive can not be used under a condition wherein an 
ultraviolet ray is shielded. As an alternative, it is also 
possible to use heating-exfoliative adhesive, the sticking 
power of which can be reduced by heat, as adhesive for 
sticking the tip of the probe 1 1 to the micro-specimen 
formation area 2-1. In this case, the probe 11 can be 
separated from the micro-specimen 40 by using a heat- 
ing means. In an example shown in Fig. 12, an electric- 
ity path 92 is provided in the vicinity of the probe 1 1 for 
heating the probe 1 1 by Joule's heating to a tempera- 
ture in the range 80 to 100 degrees Celsius. In this way, 
the heating-exfoliative adhesive can be peeled off with 
ease. 

[0067] Fig. 13 is diagrams showing another example 
of a method of firmly joining the probe 1 1 to a micro- 
specimen 40. As a technique of fabricating a specimen, 
the IBS method of using an ion beam 13, strictly speak- 
ing, a positive ion beam 13, is adopted. In this case, 
according to the method shown in Fig. 13. the probe 1 1 
is fixed to a micro-specimen formation area 2-1 and 
separated from a micro-specimen 40 by using an elec- 
trostatic absorption technique. To put it in detail, first of 
all, the surface of the probe 1 1 is covered by an insulat- 



ing material 93. An electric-potential difference is then 
applied between the probe 1 1 and the micro-specimen 
formation area 2-1 to generate a force of electrostatic 
absorption for firmly joining the probe 1 1 to the micro- 

s specimen formation area 2-1 . This method has a merit 
of no accompanying chemical change in quality and no 
accompanying contamination. Here, the reason why the 
micro-specimen formation area 2-1 is charged with pos- 
itive electric charge as shown in Fig. 13/(a) is to prevent 

10 the area 2-1 from being neutralized by the positive ion 
beam 13. If a negative ion beam or an electron beam is 
irradiated, on the other hand, it is necessary to charge 
the micro-specimen formation area 2-1 with negative 
electric charge instead. In this state, the tip of the probe 

15 1 1 can be firmly joined to the micro-specimen 40 as 
shown in Fig. 13/(b). The micro-specimen 40 firmly 
joined to the tip of the probe 1 1 is then conveyed to the 
TEM-specimen holder 1 9 to be fixed to the metallic wire 
83 of the TEM-specimen holder 19. A method to fix the 

20 micro-specimen 40 to the metallic wire 83 will be 
described later. After the micro-specimen 40 has been 
fixed to the metallic wire 83, the probe 1 1 and the metal- 
lic wire 83 are short-circuited as shown in Fig. 13/(c) to 
neutralize the micro-specimen 40 from the electric 

25 charge charged therein. The neutralization of the elec- 
tric charge allows the tip of the probe 1 1 to be separated 
from the micro-specimen 40 as shown in Fig. 13/(d). 
[0068] As an alternative, the probe 1 1 is heated by 
using a Joule's heating method, that is, a method similar 

30 to that shown in Fig. 12, or a heating method by local 
laser irradiation. Then, the tip of the probe 1 1 is fixed to 
the micro-specimen formation area 2-1 by fusion 
caused by a thermal reaction of the tip in contact with 
the micro-specimen formation area 2-1. However, it is 

35 quite within the bounds of possibility that the high-tem- 
perature heating of the whole of the micro-specimen for- 
mation area 2-1 changes the quality of the micro- 
specimen 40 itself. It is thus necessary to locally heat 
the micro-specimen formation area 2-1 in a short period 

40 of time. 

[0069] As is generally known, by merely bringing 2 
metals each having a clean surface into contact with 
each other, a junction can be formed between the two 
metals. Thus, for example, the tip of a metallic probe 1 1 

45 made of typically tungsten can be firmly joined to a con- 
tact portion of the micro-specimen formation area 2-1 
as follows. First of all, their surfaces are each cleaned in 
a surface sputtering process by irradiation of an ion 
beam in a vacuum chamber. Then, the tip of the metallic 

so probe 1 1 is firmly joined to the contact portion of the 
micro-specimen formation area 2-1 through a metallic 
junction between them. In addition, a junction can be 
created by such surface cleaning between 2 pieces of 
silicon. Thus, in the case of a silicon sample, the tip of 

55 the probe 1 1 can be firmly joined to the micro-specimen 
formation area 2-1 by the same process provided that 
the probe 1 1 is also made of silicon. 
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1 -7 (Means for Fixing a Micro-Specimen to the TEM- 
Specimen Holder] 

[0070] Fig. 14 is a diagram showing another example 
of a method to fix a micro-specimen 40 to the TEM- 
specimen holder 19. In this example, a micro-specimen 
40 can be firmly joined to the TEM-specimen holder 19 
by heating a contact portion between the micro-speci- 
men 40 and the TEM-specimen holder 19. As shown in 
the figure, the fixed unit 84 of the metallic wire 83 
employed in the TEM-specimen holder 19 is divided into 

2 portions and an insulator 94 is placed between these 
2 portions. By flowing a current between holder support 
electrodes 95 and 96, Joule's heat is generated to raise 
the temperature of the metallic wire 83. Then, by bring- 
ing a fixed member of the micro-specimen 40 into con- 
tact with the heated metallic wire 83, the fixed member 
of the micro-specimen 40 can be firmly joined to the 
metallic wire 83 by fusion. 

[0071] The micro-specimen 40 can also be firmly 
joined to the TEM-specimen holder 19 by the IBAD 
method using a deposition film or the IBS method using 
a redeposition film described earlier. When a micro- 
specimen 40 is fixed to the TEM-specimen holder 19 by 
using adhesive, unlike the case in which the tip of the 
probe 1 1 is joined to the micro-specimen 40 only tempo- 
rarily, it is necessary to firmly fix the micro-specimen 40 
to the TEM-specimen holder 19 in a stable state which 
lasts for a long period of time, at least till an observation 
by using a TEM is completed. It is thus desirable to use 
adhesive that has a strong sticking power. 
[0072] As another method of fixing the micro-speci- 
men 40 to the TEM-specimen holder 19, the surfaces of 
a contact portion between the micro-specimen 40 and 
the TEM-specimen holder 19 on both sides is cleaned 
to create a junction between the micro-specimen 40 and 
the TEM-specimen holder 19 by bringing the surfaces 
into contact with each other. The surfaces can be 
cleaned by using typically an ion-sputter method. 

1-8 [Extraction of a Micro-Specimen by Ion-Beam Fabri- 
cation] 

[0073] In order to separate a micro-specimen 40 from 
a specimen substrate 2, the bottom-dividing process 
technology described earlier is required. 
[0074] In a first method, an ion beam (PJIB) generated 
by a PJIB irradiating optical system is used as a fabrica- 
tion beam as shown in Fig. 1 . The sample stage 3 is 
inclined so that the PJIB is irradiated to the surface of 
the specimen substrate 2 in a slanting direction with 
respect to the surface in order to carry out a desired bot- 
tom-dividing fabrication. This first method is the same 
as the method explained earlier by referring to Fig. 4 or 
the method explained thereafter by referring to Fig. 17. 
[0075] In a second method, an ion beam (FIB) is used 
as a fabrication beam as shown in Fig. 5C. Much like the 
first method, the sample stage 3 is inclined so that the 



FIB is irradiated to (strictly speaking, driven in a scan- 
ning operation to sweep over) the surface of the speci- 
men substrate 2 in a slanting direction with respect to 
the surface in order to carry out a bottom-dividing fabri- 
5 cation to extract a micro-specimen 40. 

[0076] According to a third method, there are provided 
a first PJIB irradiating optical system 1 (column I) for 
making a trench with perpendicular side walls on the 
surface of the specimen substrate 2 and a second PJIB 
10 irradiating optical system 97 (column II) which is ori- 
ented in a slanting direction and used for performing the 
bottom-dividing fabrication described above as shown 
in Fig. 15. To be more specific, column II is used for car- 
rying out a desired bottom-dividing fabrication. As col- 
is umn II oriented in a slanting direction, an FIB irradiating 
optical system can be employed in place of a PJIB irra- 
diating optical system. 

[0077] A fourth method shown in Fig. 16 is a bottom- 
dividing method that does not use an ion beam. As 

20 shown in Fig. 16/(a), first of all, trenches 98 are created 
around a desired observation area on the surface of the 
specimen substrate 2 by ion-beam fabrication to form a 
protruding micro-specimen formation portion 99. Then, 
a wedge 100 is inserted into the trench 98 on one side 

25 of the micro-specimen formation portion 99 to separate 
a micro-specimen 40 by a shearing force. In compari- 
son with the bottom<Jividing fabrication methods using 
an ion beam as described above, the fourth method has 
a merit that the bottom -dividing fabrication can be com- 

30 pleted in a short period of time. In order to make the 
separation by a shearing force easy to accomplish, the 
trenches 98 are created around a micro-specimen for- 
mation portion 99 in such a slightly slanting direction 
that the more we look into the inner side of the speci- 

35 men substrate 2, the thinner the cross section of the 
micro-specimen formation portion 99 as shown in Fig. 
16/(b). As an alternative, an infinitesimal plate 102 
attached to a piezoelectric device 101 is inserted into 
the inside of the trench 98 as shown in Fig. 1 6/(c). Then, 

40 by actuating the piezoelectric device 101, a force is 
applied to the micro-specimen formation portion 99 in 
the transversal direction, separating a micro-specimen 
40 by shearing. 

[0078] By carrying out a bottom-dividing fabrication as 
45 described above, an infinitesimal micro-specimen 40 
with a small depth can be created on the upper portion 
of the specimen substrate 2. As a result, the fabrication 
can be completed in a shorter period of time. In particu- 
lar, by adopting the shearing separation method in the 
so bottom-dividing fabrication, a micro-specimen 40 can 
be separated and extracted at a high speed. 

(Second Embodiment) 

55 [0079] Fig. 1 7 is process explanatory diagrams show- 
ing another embodiment of the present invention for 
implementing a method for fabrication of a TEM speci- 
men. The method is adopted in the specimen fabrica- 
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tion apparatus shown in Fig. 1 and only a PJIB is used 
as an ion beam for fabrication. 
[0080] First of all, a PJIB 13' is irradiated to regions 
surrounding an observation area 103 on the specimen 
substrate 2 shown in Fig. 1 7/(a) by using a mask with a s 
shape resembling a symbol J as shown in Fig. 17/(b) to 
form a trench 104 having a bottom with a shape resem- 
bling the T symbol as shown in Fig. 17/(c). Then, the 
sample stage 3 shown in Fig. 1 is inclined to carry out a 
bottom-dividing fabrication by means of the PJIB 13' as 10 
shown in Fig. 17/(d). Subsequently, the tip of the probe 
1 1 held by the probe driver 4 is brought into contact with 
a micro-specimen formation portion 99. The state of 
contact between the tip of the probe 1 1 and the micro- 
specimen formation portion 99 can be verified by detec- 15 
tion of, among other phenomena, a variation in contact 
resistance between the probe 11 and the specimen 
substrate 2, that is, the micro-specimen formation por- 
tion 99, or a variation in voltage contrast on a second- 
ary-electron image. The tip of the probe 1 1 brought into 20 
contact with the micro-specimen formation portion 99 is 
then firmly joined to the micro-specimen formation por- 
tion 99 by using a deposition film created by adoption of 
the IBAD method as shown in Fig. 17/(e). Then, a 
micro-specimen 40 is cut out from the specimen sub- 25 
strate 2 by irradiating the ion beam PJIB 13' to the 
remaining sides of the micro-specimen 40 as shown in 
Fig. 17/(f). The fact that the probe 11, that is, the micro- 
specimen 40, has been separated from the specimen 
substrate 2 is verified by detection of, among other phe- 30 
nomena, an increase in contact resistance between the 
probe 1 1 and the specimen substrate 2 or a variation in 
voltage contrast on a secondary-electron image. The 
micro-specimen 40 separated from the specimen sub- 
strate 2 is then conveyed to the TEM-specimen holder 35 
19 by the probe driver 4 as shown in Fig. 1 7/(g). Subse- 
quently, the micro-specimen 40 separated from the 
specimen substrate 2 is brought into contact with the 
metallic wire 83 of the TEM-specimen holder 19 as 
shown in Fig. 17/(h). The state of contact between the 40 
micro-specimen 40 firmly joined to the probe 1 1 and the 
metallic wire 83 of the TEM-specimen holder 19 is veri- 
fied by detection of a decrease in contact resistance 
between the probe 11, that is, the micro-specimen 40, 
and the TEM-specimen holder 19, that is, the metallic 45 
wire 83, or a variation in voltage contrast on a second- 
ary-electron image. After the micro-specimen 40 has 
been brought into contact with the metallic wire 83, the 
former is firmly joined to the latter by using a deposition 
film created by adoption of the IBAD method. After the so 
micro-specimen 40 has been firmly joined to the metal- 
lic wire 83, a PJIB or an FIB is irradiated to a contact 
portion between the tip of the probe 1 1 and the micro- 
specimen 40 to carry out a sputtering fabrication for 
separating the tip of the probe 1 1 from the micro-speci- 55 
men 40 as shown in Fig. 17/(1). The fact that the tip of 
the probe 1 1 has been separated from the micro-speci- 
men 40 is by detection of an increase in contact resist- 



ance between the probe 1 1 and the metallic wire 83 or 
a variation in voltage contrast on a secondary-electron 
image. Finally, the PJIB or the FIB is again irradiated to 
the micro-specimen 40 to carry out a thinning finishing 
process to thin the observation area 103 to a final thick- 
ness of about 100 nm or smaller in order to produce a 
TEM specimen as shown in Fig. 17/(j). 
[0081 ] As described above, this embodiment is exem- 
plified by a method for fabrication of a specimen sub- 
jected to an observation using a TEM. It should be 
noted that, of course, this method can be adopted for 
fabrication of a specimen for other types of observation, 
a specimen for analyses and a specimen for measure- 
ments. In this case, the finishing process for thinning the 
area to be observed shown in Fig. 17/(j) is not necessar- 
ily required. 

[0082] Methods for fabrication of a specimen provided 
by the present invention are not limited to the embodi- 
ments described above. It is needless to say that other 
apparatuses and technological means can be com- 
bined. For example, in the process of carrying out a bot- 
tom-dividing fabrication shown in Fig. 17/(d), any of the 
4 methods described above can be adopted. The 
method for firmly joining the tip of the probe 1 1 to a 
micro-specimen formation portion 99 and the method 
for separating the tip of the probe 1 1 from a micro-spec- 
imen 40 can be replaced by the other methods 
described above. In addition, the shape of the PJIB 13' 
used for formation of a micro-specimen 40 is not limited 
to the shape resembling the T symbol used in the 
embodiment described above. For example, a combina- 
tion of a plurality of PJIB projections each having a rec- 
tangular pattern can be adopted to produce a similar 
pattern of fabrication. As an alternative, a PJIB with a 
rectangular pattern is moved in a scanning operation to 
sweep the surface of the specimen substrate 2 to pro- 
duce a desired pattern. In addition, an FIB can be used 
in place of a PJIB. Furthermore, a PJIB irradiating opti- 
cal system 1 can be employed in an apparatus for fabri- 
cation of a specimen in conjunction with an FIB 
irradiating optical system 1 so that either of the optical 
systems can be selected in dependence of the purpose 
of the fabrication. Last but not least, the ion-beam sput- 
tering fabrication method can be adopted in conjunction 
with the laser-beam fabrication method to carry out the 
separation fabrication. 

(Third Embodiment) 

[0083] Fig. 1 8 is process explanatory diagrams show- 
ing a further other embodiment of the present invention 
for implementing a method for fabrication of a TEM 
specimen. In this embodiment, a marking process for 
clarifying a specific position 105 on a micro-specimen 
40 to be observed or analyzed is added to the methods 
for fabrication the micro-specimen 40 described earlier. 
It should be noted that, since the other processes in this 
third embodiment are virtually the same as those shown 
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in Fig. 17, their explanation with reference to diagrams 
is not repeated. In this embodiment, in order to avoid 
the observation location 105 from being no longer uni- 
dentifiable after the micro-specimen 40 including a spe- 
cific location 105 to be observed has been extracted 5 
from the specimen substrate 2, a process to put a mark 
on the observation location 105 is added in order to 
clearly show the observation location 105. The observa- 
tion location 105 is a specific location at which a thin 
wall portion for observations by using a TEM is to be 10 
created. When the specimen substrate 2 is still in a 
wafer or chip state prior to the specimen fabrication, a 
position on the specimen substrate 2 can be found from 
information such as CAD data. That is why a mark is put 
on the observation location (the thin-wall formation loca- j 5 
tion) 105 prior to the fabrication to extract the micro- 
specimen 40. In the marking process, cross marks 106 
and 1 07 are typically put on both the ends of the obser- 
vation location 105 by fabrication using an ion beam or 
the like as shown in Fig. 18/(a). The cross marks 106 20 
and 107 allow the observation location 105 to be recog- 
nized clearly as shown in Fig. 18/(b) even after the 
micro-specimen 40 has been extracted from the speci- 
men substrate 2. Then, a thin wall is formed by leaving 
a portion coinciding with a straight line connecting the 25 
marks 106 and 107 to each other, that is, the observa- 
tion location 105 as shown in Fig. 18/(c). As a result, a 
cross section at a desired location can be observed. As 
described above, by virtue of the additional marking 
process, a location to be observed can be identified with 30 
a high degree of accuracy even after an infinitesimal 
micro-specimen 40 has been created. It should be 
noted that, in order to protect the observation location 
105, a deposition film is created in advance on the sur- 
face of the micro-specimen 40 prior to the marking proc- 35 
ess. 

(Fourth Embodiment) 

[0084] Fig. 1 9 is a diagram showing a configuration of 40 
the basic specimen fabrication apparatus as imple- 
mented by another embodiment of the present invention 
in a simple and plain manner. As shown in the figure, 
the specimen fabrication apparatus implemented by this 
embodiment comprises at least: 45 

a movable sample stage 3 on which a specimen 
substrate 2 is mounted; 

an FIB (focused ion beam) irradiating optical sys- 
tem 1 for irradiating a focused ion beam (FIB) 13 to so 
the surface of the specimen substrate 2; 
a secondary-particle detector 1 2 for detecting sec- 
ondary particles such as secondary electrons and 
secondary ions emitted by the surface of the speci- 
men substrate 2 due to irradiation of the FIB 13 to 55 
the surface; 

a deposition-gas supplying source 8 for supplying 
deposition gas, that is, gas used for formation of a 



deposition film, to an area on the surface of the 
specimen substrate 2 to which the FIB 13 is irradi- 
ated; 

a TEM-specimen holder 19' for firmly holding a 
micro-specimen 40 extracted from the specimen 
substrate 2; 

a holder cassette 1 7' for holding the TEM-specimen 
holder 19'; and 

a specimen transferring unit 4 for transferring the 
micro-specimen 40 extracted and separated from 
the specimen substrate 2 to the TEM-specimen 
holder 19'. 

[0085] In addition, the specimen fabrication apparatus 
also includes: 

a sample-stage position controller 3' for controlling 
the position of the sample stage 3; 
a deposition-gas supplying source controller 8' for 
controlling the deposition-gas supplying source 8; 
a specimen transferring unit controller 4' for control- 
ling and driving the specimen transferring unit 4 
independently of the sample stage 3; 
an image display sub-unit 5 for displaying, among 
other things, images of the surface of the specimen 
substrate 2, the surface of the TEM-specimen 
holder 19' and the tip of a probe 11 held by the 
specimen transferring unit 4; and 
an FIB controller 7 for driving and controlling the 
FIB irradiating optical system 1 . 

[0086] It should be noted that the sample-stage posi- 
tion controller 3', the specimen transferring unit control- 
ler 4\ the image display sub-unit 5, the FIB controller 7, 
the deposition-gas supplying source controller 8' and 
some other components are controlled by a central 
processing unit (CPU) 6. 

[0087] As shown in Fig. 19, the FIB irradiating optical 
system 1 lets an ion beam emitted by a liquid metallic 
ion source 41 pass through a beam limiting aperture 42, 
a condenser lens 49 and an objective lens 50 to pro- 
duce a focused ion beam (FIB) 13 with a diameter in the 
range several tens of nm0 to about 1 \irr\0. The FIB 13 
is driven by a deflector 51 in a scanning operation car- 
ried to sweep the surface of the specimen substrate 2, 
allowing fabrication to be carried out on the surface in 
accordance with the shape of a scanning pattern at a 
precision in the range 1 micron to a value at a sub- 
micron level. Here, what are meant by the technical 
term 'fabrication' include formation of a dent by sputter- 
ing, formation of a protrusion by ion -beam assist depo- 
sition (I BAD) and a fabricating operation such as 
modification of the shape of the specimen substrate sur- 
face through a combination of the formation of dents 
and the formation of protrusions. A deposition film 
(IBAD film) created by irradiation of the FIB 13 is used 
for firmly joining the tip of the probe 1 1 held by the spec- 
imen transferring unit 4 to the surface of the specimen 
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substrate 2 and a micro-specimen 40 extracted from the 
specimen substrate 2 to the TEM-specimen holder 19'. 
The secondary-particle detector 12 is used for detecting 
secondary particles such as secondary electrons and 
secondary ions emitted by the surface of the specimen 5 
substrate 2 due to irradiation of the FIB 13 to the sur- 
face. A detection signal generated by the secondary- 
particle detector 12 creates an image of a portion to 
which the FIB 13 is irradiated and, by displaying the 
image, the portion such as a fabricated area can be 10 
observed. The sample stage 3 is placed in the sample 
chamber 77 and components such as the FIB irradiating 
optical system 1 are located in a vacuum container. A 
holder cassette 17' for holding the TEM-specimen 
holder 19' can be mounted on and removed from the 15 
sample stage 3. The sample stage 3 is designed so that 
the stage 3 can be moved in the three-dimensional 
directions, namely, the X, Y and Z axial directions, can 
be tilted and can be rotated. The sample-stage position 
controller 3' is used for controlling the position of the 20 
sample stage 3. 

[0088] Configurations and functions of elements con- 
stituting the specimen fabrication apparatus as imple- 
mented by the fourth embodiment of the present 
invention are described in concrete terms and in more 25 
detail as follows. 

4-1 [Specimen Transferring Unit and Its Place of Instal- 
lation] 

30 

[0089] Fig. 20A is a diagram showing a typical config- 
uration of the specimen transferring unit 4 for transfer- 
ring a micro-specimen 40 extracted from the specimen 
substrate 2 to the TEM-specimen holder 19'. As shown 
in the figure, the specimen transferring unit 4 comprises 35 
2 units, namely, a coarse- movement actuator 56 and a 
fine-movement actuator 55. Composed of electro- 
mechanical components such a motor, a gear and a pie- 
zoelectric device, an XYZ-direction driving mechanism 
of the coarse-movement actuator 56 has a movement 40 
range (stroke) of at least 3 mm with a movement resolu- 
tion of the order of several microns. Required of as com- 
pact a design as possible, the fine-movement actuator 
56 employs a piezoelectric device. Particularly, in the 
case of this embodiment, a bimorph-type piezoelectric 45 
device is selected. The bimorph-type piezoelectric 
device offers a merit of a relatively long stroke of at least 
several hundreds of microns in comparison with piezoe- 
lectric devices of other types. On the other hand, since 
the coarse-movement actuator 56 is not required of a so 
high positional precision, the coarse- movement actua- 
tor 56 can be manufactured with ease. The coarse- 
movement actuator 56 employed in this embodiment 
vibrates at an amplitude in a range of ten plus several 
microns during a movement, but the vibration is all but 55 
negligible in a stationary state. Thus, it is possible to 
adopt a method whereby the tip of the probe 1 1 is first 
taken to a position in close proximity to the surface of 



the specimen substrate 2 and put at a standstill by using 
the coarse-movement actuator 56 before the tip of the 
probe 1 1 is brought into contact with the surface of the 
specimen substrate 2 by means of the fine-movement 
actuator 55. With this method, since a resolution of the 
order of microns will prove sufficient for positional con- 
trol of the tip of the probe 1 1 , even the bimorph-type pie- 
zoelectric device having a relatively poor resolution in 
comparison with piezoelectric devices of other types is 
capable of satisfactorily satisfying the requirement of 
the positional control. As a result, the fine-movement 
actuator 55 can be manufactured at a low cost. 
[0090] As described previously, with the-conventional 
technology disclosed in Japanese Patent Laid-open No. 
Hei 5-52721 used as prior-art reference 3, a manipula- 
tor serving as a unit for conveying a micro-specimen 20 
extracted from the specimen substrate 2 has a configu- 
ration including 3 bimorph-type piezoelectric devices for 
movements in the X, Y and Z axial directions respec- 
tively. Since this conveying unit is installed on the sam- 
ple stage 3 on which the specimen substrate 2 is 
mounted, however, there is raised a fatal problem that, 
in the case of an area to be observed existing at the 
center of the specimen substrate (wafer) having a large 
diameter of 300 mm, the movement stroke of the con- 
veying unit is not sufficient for the tip of the probe 1 1 to 
reach the area. In addition, as described above, the 
conveying means employs 3 bimorph-type piezoelectric 
devices for movements in the X, Y and Z axial directions 
respectively wherein each of the bimorph-type piezoe- 
lectric devices has one end thereof serving as a fixed 
supporting point and the other end moving to bend the 
device. That is, the other end moves along an arc- 
shaped locus in accordance with an applied voltage. 
Strictly speaking, in a movement on the XY plane, 
driven only by a specific bimorph-type piezoelectric 
device, the tip of the probe does not move in an axial 
direction corresponding to the specific bimorph-type 
piezoelectric device along a truly straight line. Thus, 
with the fine-movement actuator 55 comprising the 3 
bimorph-type piezoelectric devices, in order to move the 
tip of the probe 1 1 to a desired location with a high 
degree accuracy, it is necessary to move each of the 3 
bimorph-type piezoelectric devices by taking the move- 
ments of the others into consideration. As a result, there 
is raised a problem of complex operations to drive the 3 
bimorph-type piezoelectric devices in such a manner 
that their movements are related to each other. In order 
to solve this problem, it is necessary to employ 3 axial- 
direction driving means that are each capable of moving 
the probe 1 1 along a straight line with a high degree of 
accuracy. If the conveying unit is required to be capable 
of moving the probe 1 1 by a long stroke of at least 100 
mm as well as a resolution of the micron order by utiliz- 
ing only a fine-movement mechanism, the structure of 
the mechanism will become complicated and will 
become big in size. As a result, a problem of contention 
for installation space with other components surround- 
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ing the sample stage 3 such as the secondary-electron 
detector 12 and the deposition-gas supplying source 8 
will remain to be solved. 

[0091] In order to solve the problems described 
above, the present invention provides a specimen trans- 
ferring unit 4 that is capable of carrying out sampling 
quickly from any arbitrary location even if the specimen 
substrate 2 is a wafer with a large diameter. In order to 
realize such a capability, the specimen transferring unit 
4 is designed to comprise a coarse-movement actuator 
56 having a high movement speed and a large stroke 
and a fine-movement actuator 55 having a stroke about 
equal to the movement resolution of the coarse-move- 
ment actuator 56 and a high movement resolution. In 
addition, the whole specimen transferring unit 4 is 
installed independently of the sample stage 3 and a 
movement over a long distance to a sampling position is 
made by partly resorting to a movement by the sample 
stage 3. Furthermore, the coarse-movement actuator 
56 which has a tendency to increase in size is provided 
at a location very far away from the specimen substrate 
2 and the fine-movement actuator 55 is implemented by 
a fine-movement mechanism for movements in the Z- 
axial direction only. As a result, interference in space of 
installation with other components surrounding the 
sample stage 3 can be avoided. As described above, 
the specimen transferring unit 4 provided by the present 
invention is designed by sufficiently taking the size and 
the place to install into consideration. As a result, the 
specimen transferring unit 4 solves all the problems 
effectively. 

[0092] As shown in the Fig. 20A, in the configuration 
of the coarse-movement actuator 56, a coarse-move- 
ment shaft 59 is moved in the X, Y and Z axial directions 
by encoders 28X, 28Y and 28Z respectively with an 
isthmus 63 used as a supporting point. It should be 
noted that the encoder 28Y is not shown in the figure. 
While the coarse-movement stroke and the movement 
resolution are dependent on the performance of each of 
the encoders 28X, 28Y and 28Z, a stroke of 10 mm and 
a resolution of 2 microns can be achieved with ease. A 
force for resisting a pressing force generated by each of 
the encoders 28X, 28Y and 28Z is provided by a means 
such as a spring. The generation of such a resisting 
force is not explained in this description. A driving sys- 
tem of the coarse-movement actuator 56 is provided on 
the atmosphere side through a side port 54' of a speci- 
men chamber 54. A vacuum state of the specimen 
chamber 54 is shielded against the atmosphere by a 
bellows 64. A portion of the coarse-movement shaft 59 
on the vacuum-chamber side is linked to the fine-move- 
ment actuator 55 through an extension rod 30. The fine- 
movement actuator 55 is designed to drive the probe 1 1 
only in the Z-axial direction. In a driving system of the 
fine-coarse actuator 56, a bimorph-type piezoelectric 
device 29 is employed to provide a movement resolution 
of the sub-micron order. The end of the bimorph-type 
piezoelectric device 29 is joined to a probe 1 1 made of 



a tungsten wire with a pointed tip having a diameter of 
50 jim0. When a driving voltage is applied to the 
bimorph-type piezoelectric device 29, the tip of the 
probe 1 1 makes a fine movement. 

5 [0093] Fig. 20B is a diagram showing another exam- 
ple of the configuration of the specimen transferring unit 
4. In this example, the configuration of the coarse- 
movement actuator 56 comprises a combination of 3 
block-shaped piezoelectric devices 73, 74 and 75 for 

10 movements in the X, Y and Z axial directions respec- 
tively. A block-shaped piezoelectric device has a slightly 
inferior movement resolution but offers merits such as a 
long movement stroke and endurance against a heavy 
load. The coarse-movement actuator 56 is connected to 

15 a fine-movement actuator 55 implemented by a 
bimorph-type piezoelectric device 72' through an exten- 
sion rod 71 \ The fine-movement actuator 55 is used for 
holding the probe 1 1 . 

[0094] A typical case in which the specimen transfer- 
ee ring unit 4 shown in Fig. 20B is installed in the specimen 
chamber 54 is shown in Fig. 20C. In this example, a 
small vacuum chamber 54" is provided through the side 
port 54' of the specimen chamber 54. In the small vac- 
uum chamber 54", the coarse-movement actuator 56 is 
25 installed. When the specimen transferring unit 4 is not in 
use, it can be taken out with ease from the specimen 
chamber 54 by using a slider 1 1 1 which can be sled 
along a rail 110. In this configuration, the only compo- 
nents placed inside the specimen chamber 54 are the 
30 extension rod 71', the bimorph-type piezoelectric 72' 
attached to the end of the extension rod 71 ' and the 
probe 1 1 . Thus, interference with a variety of other com- 
ponents in the specimen chamber 54 can be avoided, 
allowing the probe 1 1 to make an access to the surface 
35 of the specimen substrate 2. 

[0095] Fig. 21 is explanatory diagrams each showing 
a location at which the specimen transferring unit 4 is 
installed. To be more specific, Fig. 21 /(a) is a diagram 
showing an example wherein the specimen transferring 
40 unit 4 comprising the coarse-movement actuator 56 and 
the fine-movement actuator 55 is attached to a side wall 
54 of the specimen chamber 77 in such a way that the 
probe 1 1 is capable of making an access to a position 
between the surface of the specimen substrate 2 
45 mounted on the sample stage 3 and a final electrode 
112 of the FIB irradiating optical system 1 which is 
installed to face the surface of the specimen substrate 
2. On the other hand, Fig. 21/(b) is a diagram showing 
an example wherein the specimen transferring unit 4 is 
so installed on the ceiling 54A of the specimen chamber 
77. Finally, Fig. 21/(c) is a diagram showing an example 
wherein the specimen transferring unit 4 is installed on 
a side surface of a final electrode 1 1 2 of the FIB irradi- 
ating optical system 1 . A point common to these exam- 
55 pies is the fact that, in the configurations, the specimen 
transferring unit 4 is not placed on the sample stage 3 
and driven as well controlled independently of the sam- 
ple stage 3. As such, the configurations are designed in 
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such a way that, during a movement of the specimen 
substrate 2, the specimen transferring unit 4 never 
comes in contact with the surface of the specimen sub- 
strate 2. 

[0096] In the configuration shown in Fig. 21 /(a), the s 
specimen transferring unit 4 is attached to the side wall 
54 of the specimen chamber 77 so that the specimen 
transferring unit 4 is capable of keeping up with an 
apparatus without a side port provided on the side wall 
54 of the specimen chamber 77. In the example shown w 
in Fig. 21/(b), on the other hand, the specimen transfer- 
ring unit 4 is installed on the ceiling 54A of the specimen 
chamber 77, offering merits that the space in the speci- 
men chamber 77 can be utilized effectively and the 
specimen transferring unit 4 is capable of keeping up 15 
with apparatuses each having a different configuration. 
Finally, in the configuration shown in Fig. 21/(c), the 
specimen transferring unit 4 is installed on a side sur- 
face of the final electrode 1 12 of the FIB irradiating opti- 
cal system 1 , also offering merits that the space in the 20 
specimen chamber 77 can be utilized effectively and no 
excessive components protrude out to the outside of the 
specimen chamber 77. As a result, the outside of the 
specimen chamber 77 can be occupied by other com- 
ponents with complicated configurations and the exter- 25 
nal view of the apparatus can be made look clean. 
[0097] A variety of other configurations for installing 
the specimen transferring unit 4 are possible. At any 
rate, the basic concept embraced in the examples of the 
configurations shown in Fig. 21 is to install the sped- 30 
men transferring unit 4 in such a way that the specimen 
transferring unit 4 can be driven as well controlled inde- 
pendently of the sample stage 3 and, during a move- 
ment of sample stage 3, the specimen transferring unit 
4 never comes in contact with the surface of the sped- 35 
men substrate 2. As a result, an access can be made to 
any micro-spetimen 40 to be extracted with ease even 
if the micro-specimen 40 is located at the center of a 
wafer having a large diameter. 

40 

4-2 [Locations for Installing the TEM-Specimen Holder] 

[0098] A micro-specimen 40 extraded from the spec- 
imen substrate 2 is transferred to the TEM-specimen 
holder 19' serving as a member to which the micro- 45 
specimen 40 is to be fixed. In order to transfer a micro- 
specimen 40 to the TEM-specimen holder 19', it is nec- 
essary to mount the TEM-specimen holder 19' on the 
sample stage 3 by using the holder cassette 17' for 
holding the TEM-specimen holder 19' or to mount the so 
TEM-specimen holder 19' on a side-entry-type stage 
such as a TEM stage which is independent of the sam- 
ple stage 3. The sample stage 3 can be a general-pur- 
pose large-size sample stage allowing a wafer itself to 
be mounted thereon or a sample stage with a small size 55 
enough for mounting a device chip. A place at which the 
specimen holder 19' is installed greatly affects the work- 
ability following an operation to transfer a micro-speci- 



men 40 extraded from the specimen substrate 2 to the 
TEM-specimen holder 19*. For this reason, a place at 
which the specimen holder 19* is installed is explained 
specially as follows. 

[0099] The following description explains 3 systems to 
install the TEM-specimen holder 19', namely, a sample- 
stage system, a wafer-cassette system and a TEM- 
stage system. In the sample-stage system, the TEM- 
specimen holder 19' is mounted on the sample stage 3. 
In the wafer-cassette system, on the other hand, the 
TEM-specimen holder 19' is mounted on a wafer cas- 
sette which accommodates the specimen substrate 2 
(that is, the wafer) and can be put in and taken out from 
the specimen chamber 77. Finally, in the TEM-stage 
system, the TEM-specimen holder 19' is mounted on a 
TEM stage (or a stage for both the TEM and the FIB). 

4-2-1 [Sample-Stage System] 

[0100] Fig. 22 is explanatory diagrams showing an 
example of a method to install the TEM -specimen 
holder 19' in the sample-stage system. To be more spe- 
cific. Fig. 22/(a) is a diagram showing a top view of the 
sample stage 3 and Fig. 22/(b) shows a cross section of 
the center of the sample stage 3. In this system, the 
TEM-specimen holder 19' is set on the holder cassette 
17' which can be mounted on and removed from the 
sample stage 3 with ease. The number of TEM-speci- 
men holders 19' that can be set on the holder cassette 
17 is arbitrary and the number of holder cassettes 17' 
that can be mounted on the sample stage 3 is also arbi- 
trary. Fig. 22/(a) shows an example in which 1 holder 
cassette 17' is mounted on the sample stage 3 and 5 
TEM-specimen holders 19' are set in the holder cas- 
sette 17'. If 3 micro-specimens 40 extraded from the 
specimen substrate 2 are mounted on each of the TEM- 
specimen holders 19', 15 TEM specimens can be 
mounted on the holder cassette 1 7. 
[0101] The holder cassette 17' is mounted on the 
sample stage 3 in such a way that the upper surface of 
the TEM-specimen holder 19' is set at about the same 
level as the surface of the specimen substrate 2. In this 
way, when a micro-specimen 40 extraded from the 
specimen substrate 2 is transferred to the TEM-speti- 
men holder 19', the micro-specimen 40 does not come 
in contact with the TEM-specimen holder 19' and other 
components. Furthermore, the desired surface on the 
micro-specimen 40 to be observed is oriented in a 
diredion parallel to the longitudinal diredion of the 
TEM-specimen holder 19' which is set in such a way 
that the longitudinal diredion thereof is parallel to an 
inclination axis 1 13 of the sample stage 3. It should be 
noted that the shape of the TEM-specimen holder 19' 
will be described later in concrete terms. Such a posi- 
tional arrangement allows the micro-specimen 40 
extraded from the specimen substrate 2 to be mounted 
on the TEM-specimen holder 19' in a movement in the 
Z-axial diredion only without the need to carry out an 
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operation on the micro-specimen 40 such as a rotation. 
Then, by mounting the TEM-specimen holder 19' with 
the extracted micro-specimen 40 mounted thereon on a 
TEM or SEM stage, the desired observation area can 
be observed with ease. 5 
[0102] The holder cassette 1 7' can be mounted on or 
removed from the sample stage 3 by a sliding move- 
ment and, by using an operation rod, a load lock cham- 
ber and other tools, the holder cassette 1 7 can be taken 
out from the specimen chamber 77 without destroying w 
the vacuum state of the specimen chamber 77 in a man- 
ner independent of the sample stage 3. By virtue of this 
system, a large number of TEM micro-specimens 40 
can be fabricated continually from a specimen substrate 
2 and, when the holder cassette 17 is taken out from is 
the specimen chamber 77, the same number of TEM 
micro-specimens 40 can be obtained at once. In addi- 
tion, the TEM micro-specimens 40 mounted on TEM- 
specimen holders 19' can be temporarily kept in a box 
for storage for each holder cassette 17' in which the 20 
TEM-specimen holders 19' are set. Thus, the work to 
handle these infinitesimal TEM micro-specimens 40 is 
not a great strain on the nerves. In addition, the holder 
cassette 17, on which a large number of micro-speci- 
mens 40 just extracted from the specimen substrate 2 25 
as they are and supposed to undergo a thinning fabrica- 
tion or a wall fabrication are mounted, can be conveyed 
into a separately provided FIB apparatus serving as an 
apparatus used specially for carrying out the finishing 
fabrication (or the thinning fabrication) only. 30 
[0103] A position on the sample stage 3 at which the 
TEM-specimen holder 19' is mounted is explained by 
referring to Fig. 22/(b). Supposed to undergo a fabrica- 
tion such as the thinning fabrication described above, 
an extracted micro-specimen 40 has to be inclined. 35 
Thus, if the sample stage 3 is installed at an inappropri- 
ate location, there will be raised a problem of a damage 
inflicted on the specimen transferring unit 4, making it 
impossible to fabricate the required micro-specimen 40. 
Components such as the holder cassette 1 7' with TEM- 40 
specimen holder 1 9' set therein, the secondary-electron 
detector 12 and the deposition-gas supplying source 8 
are always installed on a side on which the specimen 
transferring unit 4 is provided. In the example shown in 
Fig. 22/(b), the components are installed on the left- 45 
hand side of the sample stage 3 with respect to the incli- 
nation axis 113. The inclination of the sample stage 3 
causes the side on which the TEM-specimen holder 19' 
is set, that is, the left side, to always move from a hori- 
zontal posture in a downward direction. As a result, so 
interference with other structures in the specimen 
chamber 77 described above can be avoided. 
[0104] As another method regarding a place to install 
the TEM-specimen holder 19', it is possible to adopt a 
method whereby the structure of an end 120 of a TEM 55 
stage 114 including a fixed portion of the TEM-speci- 
men holder 19' is improved and the TEM stage 114 is 
mounted on the sample stage 3. The following descrip- 



tion begins with an explanation of the TEM stage 114 
with a configuration allowing the end 120 thereof to be 
attached and detached. Fig. 23/(a) is a diagram show- 
ing the TEM stage 114 used in this embodiment. As 
shown in the figure, the TEM stage 114 comprises com- 
ponents such as a shaft 115, a handle 116, a position 
setting part 117 and a specimen fixing part 118. The 
TEM-specimen holder 19' is seated on a cut 123 of the 
shaft 115. The TEM stage 1 14 is most characterized in 
that the stage 114 has a configuration that allows an 
end 120 thereof to be stuck to or detached from the 
main body of the TEM stage 1 14 at a separation posi- 
tion 119 as shown in Fig. 23/(b). That is, the end 120 
can be detached from the main body and inserted into 
the sample stage 3. Fig. 23/(c) is a diagram showing a 
state in which the end 120 of the TEM stage 114 has 
been inserted into the sample stage 3. To put it in detail, 
the end 120 of the TEM stage 114 is inserted into an 
insertion area 121 provided on the sample stage 3 to be 
held therein. The insertion area 121 has an opening 122 
above the TEM-specimen holder 19'. A micro-specimen 
40 extracted from an area 124 to be observed on the 
specimen substrate 2 is held on the tip of the probe 1 1 
of the specimen transferring unit 4 and transferred to the 
insertion area 121 to be firmly held on the TEM-sample 
holder 19* through the opening 122. 
[0105] After the extracted micro-specimen 40 has 
been firmly held by the TEM-specimen holder 19', the 
micro-specimen 40 is subjected to a thinning fabrication 
(or a wall fabrication) by using an FIB with the micro- 
specimen 40 firmly held by the TEM-specimen holder 
19' as it is to be converted into a TEM specimen. During 
the thinning fabrication, the FIB used for the fabrication 
is irradiated to the micro-specimen 40 in a direction per- 
pendicular to the sheet of paper showing Fig. 23/(c). 
[0106] Later on, when the micro-specimen 40 firmly 
held by the TEM-specimen holder 19' is taken out from 
the specimen chamber 77, the main body of the TEM 
stage 1 14 is inserted into the insertion area 121 to join 
the main body to the end 120 of the TEM stage 1 14 in 
the insertion area 121. Then, the micro-specimen 40 is 
taken out from the specimen chamber 77 along with the 
whole TEM stage 114. Held by the TEM stage 114, the 
micro-specimen 40 is brought into a TEM-specimen 
chamber to undergo an observation using a TEM. Dur- 
ing the observation using a TEM, an electron beam 
used for the observation is irradiated to the micro-spec- 
imen 40 in a direction perpendicular to the sheet of 
paper showing Fig. 23/(a). 

[01 07] In the method described above by referring to 
Fig. 23, the end 120 of the TEM stage 1 14 which can be 
attached to and detached from the main body of the 
TEM stage 1 14 has a size of the cm order. Thus, the 
work to attach and detach the end 120 from the main 
body is not a great strain on the nerves. As a result, this 
method offers a merit that any person can do the work 
to fabricate a TEM specimen with ease. 
[0108] Fig. 24 is diagrams showing a further other 
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example of a method to install the TEM -sped men 
holder 1 9' on a TEM stage 1 1 4' having a structure differ- 
ent from the TEM stage 1 1 4 described above. As shown 
Fig. 24/(a), the TEM stage 1 14* comprises components 
such as a shaft 115', a handle 1 16', a position setting 5 
part 117' and a specimen fixing part 118'. Unlike the 
method of installation shown in Fig. 23/(a), however, 
since no cut 123 is provided on the shaft 115', the 
observation by using a TEM can not be carried out by 
using the same TEM stage 1 1 4' as the fabrication using 10 
an FIB. In order to solve this problem, the TEM stage 
114' is designed into a configuration that allows ends 
120' and 120" thereof to be stuck to or detached from 
the main body of the TEM stage 114' at separation posi- 
tions 1 1 9' and 11 9" respectively as shown in Fig. 24/(b). 15 
In Fig. 24, (a) and (b) are diagrams each showing a 
state in which no TEM micro-specimen 40 is fixed on 
the specimen fixing part 118'. A plurality of ends 120' 
each having no micro-specimen 40 attached thereto are 
fixed to the sample stage 3 perpendicularly to the sur- 2 o 
face of the sample stage 3, that is, the surface of the 
wafer for mounting such ends 120', in such a way that, 
after a TEM micro-specimen 40 is seated on the TEM- 
specimen holder 19', the TEM-observation surface is 
set in parallel to the inclination axis 1 13 of the sample 2 5 
stage 3 as shown in Fig. 24/(c). A micro-specimen 40 
extracted from an area 1 24 on the sample substrate 2 to 
be observed is held on the tip of the probe 1 1 employed 
in the specimen transferring unit 4 and transferred to the 
TEM-specimen holder 19' on the end 120' of the TEM 30 
stage 114 which has been firmly held on the sample 
stage 3 to be fixed to the TEM-specimen holder 19'. In 
the example shown in Fig. 24/{c), 7 TEM-specimen 
holders 19' are mounted on the sample stage 3. If 3 
extracted micro-specimens 40 are fixed on each of the 35 
TEM-specimen holders 19', a total of 21 TEM speci- 
mens 40 can be fabricated continually in the same 
specimen chamber. 

4-2-2 [Wafer-Cassette System] 40 

[0109] Fig. 25 is a diagram showing a typical configu- 
ration of an apparatus used in the wafer-cassette sys- 
tem. As shown in the figure, in this system, the holder 
cassette 1 7 for holding the TEM-specimen holder 1 9' is 45 
mounted on a wafer cassette 125. Since the wafer cas- 
sette 125 is a tray used exclusively for accommodating 
1 wafer 2, that is, 1 specimen substrate 2, components 
of the apparatus and the hands of the operator never, 
come in contact with the wafer 2 accommodated so 
therein. In addition, since the wafer cassette 125 can be 
put in or taken out from various kinds of process equip- 
ment as it is, the cassette 125 can also be used for 
transferring the wafer 2 from equipment to equipment. 
As shown in Fig. 25, the holder cassette 1 T is designed ss 
into such a configuration that the holder cassette 17 
can be mounted on and removed from the holder-cas- 
sette mounting unit 121' of the wafer cassette 125. 



Thus, a plurality of TEM-specimen holders 19' each for 
mounting a plurality of TEM micro-specimens 40 can be 
obtained at the time the wafer 2 is replaced. A relation 
between the wafer cassette 1 25 and the holder cassette 
1 7, relations between the holder cassette 17 and TEM- 
specimen holders 19' set therein and relations between 
each of the TEM-specimen holders 19' and extracted 
micro-specimens 40 fixed thereto are always controlled. 
As a result, it is easy to obtain information such as a 
relation between a position on the wafer 2 from which a 
TEM micro-specimen 40 has been extracted and infor- 
mation obtained as a result of an analysis, a measure- 
ment or an observation using a TEM. 

4-2-3 [TEM-Stage System] 

[0110] In this system, a TEM-specimen holder 19' is 
mounted on a stage which operates independently of 
the sample stage 3. By independently operating stage, 
a TEM stage of the side-entry side type is typically 
implied. In this example, the side-entry-type TEM stage 
is designed into a configuration that can be put in or 
taken out from the specimen chamber 77. In this case, 
the side-entry-type TEM stage is set so that an axis of 
rotation thereof is parallel to the inclination axis 1 13 of 
the sample stage 3. Note that it is desirable to place a 
desired area to be observed as an extracted micro- 
specimen 40 on the rotation axis of the side-entry-type 
TEM stage. Since the extracted micro-specimen 40 to 
be mounted on the TEM-specimen holder 19' has an 
infinitesimal size in the range several microns to 30 
microns, however, in actuality, it is sufficient to place the 
desired area at such a location that the specimen fixing 
surface of the TEM-specimen holder 19' comes to a 
position close to the rotation axis of the side-entry-type 
TEM stage. In this configuration, a micro-specimen 40 
extracted from the specimen substrate 2 can be 
mounted on a TEM-specimen holder 19' by only a 
movement in the Z-axial direction without the need to 
carry out an operation such as a rotation. Thus, it is no 
longer necessary to add a complex mechanism such as 
a tilting mechanism or a rotating mechanism to the 
specimen transferring unit 4, giving rise to a merit of a 
simple configuration of the specimen transferring unit 4. 
In addition, in the case of this system, once an extracted 
micro-specimen 40 has been fixed to a TEM-specimen 
holder 19\ the TEM stage 1 14 can be taken out from the 
specimen chamber 77 and mounted on a TEM appara- 
tus as it is. Thus, a lengthy manual work requiring a skill 
of a well trained person is not needed till an observation 
using a TEM. As a result, the length of time it takes to 
fabricate a micro-specimen 40 can be reduced consid- 
erably, resulting in an effect of substantial reduction of a 
strain on the nerves caused by the work to fabricate the 
micro-specimen 40. In addition, in case an observation 
using a TEM is difficult to carry out due to, among other 
reasons, the fact that a portion of the wafer 2 to be 
observed, that is, the wall portion, is excessively thick, 
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the method offers a convenience that the TEM stage 
1 14 is simply brought again as it is into the specimen 
chamber 77 of the apparatus for fabricating the micro- 
specimen 40, allowing a re-fabrication by irradiation of 
an FIB to be performed right away. 

4-3 [Embodiment of the TEM-Specimen Holder] 

[0111] As a conventional TEM -specimen holder, 
among other types, a single-hole type shown in Fig. 
7/(a) and a mesh-type shown in Fig. 7/(b) are known. A 
single-hole-type holder 78 has a hole 79 with a diameter 
of 1 mm0 provided at the center of a thin metallic circu- 
lar disc. When a single-hole-type holder 78 is used, it is 
necessary to position a micro-specimen 79 on the inner 
surface wall of the hole 79 with a high degree of accu- 
racy and install the specimen 79 thereon. Since a micro- 
specimen 40 obtained by adopting the method for fabri- 
cation of a specimen provided by the present invention 
has a small size in the range 10 to 20 microns, the work 
to position the micro-specimen 40 is very difficult to do. 
On the other hand, a mesh-type holder 109 has a metal- 
lic mesh 109' stretched over an opening at the center of 
a thin metallic circular disc. Thus, by using a metallic 
mesh 109' with a gap between mesh nodes adjusted to 
the size of the micro-specimen 40, the position at which 
the micro-specimen 40 is to be installed can be selected 
arbitrarily to a certain degree. With the mesh-type 
holder 109, however, the path of an electron beam 
passing through the micro-electron 40 is shielded by a 
mesh structure member, making an observation using a 
TEM impossible in some cases. 
[011 2] As described above, an extracted micro-speci- 
men 40 obtained by adopting the method for fabrication 
of a specimen provided by the present invention has a 
small size, strictly speaking, a height, in the range 10 to 
20 microns. Thus, if a dent with depth of at least 20 
microns is provided on the specimen fixing area of the 
holder, the extracted micro-specimen 40 will be embed- 
ded in the dent, causing an electron beam for observa- 
tion to be shielded during an observation using a TEM. 
As a result, it is impossible to perform an observation 
using a TEM on the micro-specimen 40 which was 
extracted from the specimen substrate 2 with much 
trouble. In order to solve this problem, in this embodi- 
ment, a specimen holder shown in Fig. 26 is employed. 
The specimen holder is designed into such a structure 
that the direction of irradiation of an FIB during a fabri- 
cation using the FIB is perpendicular to the incidence 
direction of an observation electron beam used during 
an observation utilizing a TEM so that both the FIB and 
the electron beam are not shielded. In addition, the flat- 
ness of a specimen fixing surface is improved in partic- 
ular in order to make the electron beam for observation 
easy to irradiate. 

[0113] In a holder 126 shown in Fig. 26/(a), an 
extracted micro-specimen 40 is held on a sliver of sili- 
con 127 cut out from a silicon wafer by using a cleaving 



tool or a dicing saw. In this example, the holder 126 is 
cut out from a silicon wafer to have a size with a length 
of 2.5 mm, a width of 50 microns and a height of 0.5 
mm, that is, the thickness of the silicon wafer. By using 

5 the ground surface of the silicon wafer as a surface for 
fixing the extracted micro-specimen 40, the amount of 
unevenness of the fixing surface can be reduced. Thus, 
irradiation of the electron beam for observation is not 
obstructed during an observation using a TEM. It should 

10 be noted that the dimensions and shape of the holder 
126 are not limited to those shown in the embodiment. 
In a word, it is necessary to use the ground surface of 
the silicon wafer as a surface for fixing an extracted 
micro-specimen 40 and to make the width of the holder 

75 1 26 as small as possible. 

[01 1 4] A holder 1 28 shown in Fig. 26/(b) is an exam- 
ple of a modified version of the holder 1 26 shown in Fig. 
26/(a). In the case of the holder 126, it is desirable to 
make the width of the holder 126 as small as possible 

20 so as to prevent irradiation of an electron beam for 
observation from being obstructed due to a slight incli- 
nation of the holder 126 during an observation using a 
TEM. If the width of the holder 126 is made extremely 
small, however, the mechanical strength of the holder 

25 126 deteriorates, raising a problem such as a handling 
damage inflicted on the holder 1 26. In order to solve this 
problem, in the case of the holder 128 shown in Fig. 
26/(b) ( the holder 128 is designed into a structure that 
provides a sufficient mechanical strength and no hin- 

30 drance to irradiation of an electron beam. To put it in 
detail, a sliver of silicon 129 is cut out from a silicon 
wafer with a wide bottom 129A and a narrow top 129B. 
That is, the cross section of the piece of silicon 129 has 
a convex shape which consists of two rectangles that 

35 are contacted at the sides. An extracted micro-speci- 
men 40 is mounted on the surface of the narrow top 
128B, that is, the ground surface of the original silicon 
wafer. In the example shown in Fig. 26/(b), a plurality of 
micro-specimens 40, to be more specific, 3 micro-spec- 

40 imens 40, are mounted on the holder 128. 

[01 15] A holder 1 30 shown in Fig. 26/(c) is created as 
a silicon plate 131 having a semi-circular shape by 
applying a cleaving or wet-etching technology to a sili- 
con wafer. The holder 130 has a diameter of about 3 

45 mm and a thickness of about 50 microns. The surface 
for fixing an extracted micro-specimen 40 is the cleaved 
surface of the original silicon wafer which has enough 
smoothness. Since this holder 130 has a semi-circular 
shape, by using a ring-shape washer, the holder 130 

so can be mounted on a TEM stage 114 with ease. 

[0116] A holder 132 shown in Fig. 26/(d) has a struc- 
ture wherein the holder 126 shown in Fig. 26/(a) is 
attached to a metallic board 133 having a semi-circular 
shape. The metallic board 133 having a semi-circular 

55 shape is a thin plate having a thickness of 50 microns 
and a diameter of 3 mm. The holder 126 attached to the 
metallic board 133 is a sliver of silicon 127 having a 
length of about 2 mm, a width of about 50 microns and 
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a height of about 0.5 mm. While electro-conductive 
adhesive is used for sticking the silicon holder 1 26 to the 
metallic board 133 in this example, another kind of 
adhesive is also usable. It should be noted that the sili- 
con holder 1 26 is stuck to the metallic board 1 33 in such 
a way that the upper surface of the sliver of silicon 127 
is placed at a level higher than the upper surface of the 
metallic board 133 in order to prevent an electron beam 
for TEM observation from being shielded by the metallic 
board 133. In the case of the holder 126, the surface for 
fixing an extracted micro-specimen 40 is the ground sur- 
face of the original silicon wafer which is adequately 
smooth. Since an extracted micro-specimen 40 is not 
fixed to the upper surface of the metallic board 133, on 
the other hand, the surface may be uneven to a certain 
degree, providing no obstacle to an observation using a 
TEM at all. Thus, since the work to fabricate the metallic 
board 133 is hardly a great strain on the nerves, the 
metallic board 1 33 can be fabricated with ease and at a 
low cost by adopting typically a punching method, a 
wet-etching method or electric-discharge machining 
method. As described above, in the example shown in 
Fig. 26/(d), the holder 126 shown in Fig. 26/(a) is 
attached to the metallic board 133. It should be noted, 
however, that the holder 1 28 shown in Fig. 26/(b) can be 
used in place of the holder 126 shown in Fig. 26/(a) to 
give entirely the same effect. 

[0117] 4 embodiments implementing specimen hold- 
ers having different shapes for use in observations 
using a TEM have been explained. The basic concept 
embraced by the 4 embodiments is to make the surface 
for fixing an extracted micro-specimen extremely 
smooth and the width of the surface as small as possi- 
ble. It is needless to say that a variety of versions based 
on this concept can be implemented. 

(Fifth Embodiment) 

[0118] In order to separate an infinitesimal micro- 
specimen 40 from a specimen substrate 2, a process to 
separate the bottom of the micro-specimen 40 to be 
extracted from the substrate 2 is indispensable. The 
process to separate the bottom of the micro-specimen 
40 to be extracted from the specimen substrate 2 is 
referred to as a bottom-dividing process. In the conven- 
tional bottom-dividing fabrication method using an FIB 
explained earlier by referring to Fig. 4 and disclosed in 
prior-art reference 3, the FIB is irradiated in a direction 
slanting with respect to the surface of the specimen 
substrate 2 in order carry out the bottom-dividing fabri- 
cation. Thus, a slope is generated on the bottom of the 
extracted specimen surface 2. The slope is determined 
by the fabrication aspect ratio and the incidence angle 
of the FIB irradiated during the bottom-dividing fabrica- 
tion. In the conventional method described above, the 
bottom-dividing fabrication is performed, that is, a 
trench 34 for separation is created. Thus, a large slope 
of about 70 degrees is resulted in on the specimen sub- 



strate 2. If the distance between the objective lens 50 
and the specimen substrate 2 required by the focusabil- 
ity of the FIB is taken into consideration, in order to keep 
the performance of the normally used FIB apparatus, 
5 the inclination angle of the specimen substrate 2 should 
not exceed 60 degrees. In addition, inclination of the 
sample stage 3 for mounting a wafer 2 having a large 
diameter of 300 mm by an angle of 70 degrees is very 
difficult to implement from the mechanical point of view, 
to Even if a large inclination angle of 70 degrees is possi- 
ble, when the extracted micro-specimen 40 is mounted 
on the horizontal holding surface of the TEM-specimen 
holder, the surface of the micro-specimen 40 will form 
an angle of 20 degrees with the horizontal holding sur- 
fs face of the TEM-specimen holder because the bottom 
of the extracted micro-specimen 40 has an inclination of 
20 degrees. As a result, it is difficult to create a trench 
and a wall on the micro-specimen 40 perpendicularly to 
the surface of the micro-specimen 40. In order to create 
20 a trench and a wall on the micro-specimen 40 perpen- 
dicularly to the surface of the micro-specimen 40, it is 
necessary to reduce the inclination of the bottom of the 
micro-specimen 40 and to make the bottom approxi- 
mately parallel to the top surface of micro-specimen 40. 
25 To make the bottom approximately parallel to the top 
surface of micro-specimen 40, however, the inclination 
angle of the specimen substrate 2 during the bottom- 
dividing fabrication needs to be further increased, giving 
rise to more difficulties due to existing restrictions 
30 imposed on the configuration of the apparatus 
described above. For this reason, in order to mount an 
extracted micro-specimen 40, at which the present 
invention is aimed, on another member (that is, a TEM- 
specimen holder) and to introduce them into an appara- 
35 tus for observation or analysis, a bottom-dividing 
method capable of creating a horizontal bottom or a ver- 
tical side surface needs to be studied. It should be noted 
that, in the method described in prior-art reference 3, 
the extracted micro-specimen is observed with the 
40 micro-specimen firmly held on the tip of a probe as it is 
.without the need to mount the micro-specimen on a 
TEM-specimen holder. Thus, the observation is not 
affected by the shape of the bottom of the micro-speci- 
men whatsoever. 
45 [0119] In order to solve the problems described 
above, there has been studied an embodiment for 
implementing a method capable of extracting an infini- 
tesimal micro-specimen 40 by bottom-dividing fabrica- 
tion without the need to incline the sample stage 3 at an 
so extremely large angle. 

[01 20] The procedure of the method for fabrication of 
a specimen provided by the present invention is 
explained below in concrete terms. In the explanation, 
the method for fabrication of a specimen is exemplified 
55 by a technique of fabricating a specimen for an observa- 
tion using a TEM, starting with a process to mark an 
area to undergo an observation using a TEM and end- 
ing with a final thinning fabrication which all use an FIB. 
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In order to clarify the procedure, the procedure is 
divided into some processes which are explained by 
referring to Fig. 27. 

5-1 [Marking Process] s 

[0121] In the method for fabrication of a specimen, it 
is assumed that an infinitesimal micro-specimen includ- 
ing an area to undergo an observation using a TEM is 
separated and extracted from a specimen substrate. For w 
this reason, it is feared that the position of the area to 
undergo an observation using a TEM can no longer be 
identified during a process of thinning the area to 
undergo an observation using a TEM on the micro- 
specimen separated and extracted from the specimen is 
substrate (or a wall forming process). In order to solve 
this problem, it is necessary to put marks for identifying 
an area to undergo an observation using a TEM. With 
the specimen substrate still in a wafer or chip state, a 
position on the specimen substrate can be verified by 20 
computation of a position from CAD data or by means of 
an optical-microscope image or a scanning ion micro- 
scope (SIM). First of all, marks are put on an area to be 
observed (or a wall formation area). In this marking 
process, marks are put typically at both ends of the wall 25 
formation area by FIB or laser fabrication. In this 
embodiment, 2 cross marks 134 and 134' are put to 
sandwich the area to be observed, being separated 
away from each other by a distance of 10 microns. The 
posture of the sample stage 3 is adjusted in advance so 30 
that a straight line connecting the marks 1 34 and 1 34' to 
each other is oriented in parallel to the inclination axis of 
the sample stage 3. In order to protect a wall 146 during 
the marking process, a deposition film not shown in the 
figure may be created as shown in Fig. 27/a. 35 

5-2 [Rectangular-Role Fabrication Process] 

[0122] On the extension lines on both ends of the 
straight line connecting the marks 134 and 1 34' to each 40 
other, 2 rectangular holes 1 36 and 1 36' are bored on the 
outer sides of the marks 134 and 134' by irradiation of 
an FIB 135. Each of the rectangular holes 136 and 136' 
has the following typical opening dimensions: an area of 
10 microns X 7 microns and a depth of about 15 45 
microns. The rectangular holes 136 and 136' are sepa- 
rated from each other by a distance of 30 microns. It 
should be noted that, in order to carry out the fabrication 
of the rectangular holes 136 and 136' in a short period 
of time, a large FIB with a beam diameter of about 0.15 so 
microns and a beam current of about 10 nA is used. As 
a result, the fabrication of the rectangular holes 1 36 and 
136' can be completed in 7 minutes. Refer to Fig. 27/a. 

5-3 [Vertical-Trench Fabrication Process] 55 

[0123] Then, a thin long vertical trench 137 with a 
width of about 2 microns, a length of about 28 microns 



and a depth of about 15 microns is created by FIB scan- 
ning. The trench 137 is parallel to the straight line con- 
necting the marks 134 and 134' and separated away 
from the line by a distance of about 2 microns. One end 
of the trench 137 reaches the rectangular hole 136' 
while the other end barely reaches the other rectangular 
hole 136. The direction of the FIB scanning is deter- 
mined in such a way that sputter particles generated by 
irradiation of an FIB 135 do not fill up the vertical trench 
137 and the rectangular holes 136 and 136* which have 
been created at great pains. A residual area 138 left 
between the rectangular hole 136 and the vertical 
trench 137 with a width of about 2 microns serves as a 
support area for temporarily supporting a micro-speci- 
men 40 including an area to be observed when the 
micro-specimen 40 is separated from the specimen 
substrate 2. Refer to Fig. 27/b. 

5-4 [Diagonal-Trench Fabrication Process] 

[01 24] The surface of the specimen substrate 2 which 
has been held horizontally level in processes 5-1 and 5- 
2 is slightly inclined typically by 20 degrees in this 
embodiment. Then, an inclined trench 139 is created in 
parallel to the straight line connecting the marks 134 
and 134' on the side opposite to the vertical trench 137 
by FIB scanning. The trench 139 is separated away 
from the line connecting the marks 134 and 134' by a 
distance of about 2 microns. Since the straight line con- 
necting the marks 134 and 134' is set in parallel to the 
inclination axis of the sample stage 3 which is not 
shown in the figure, the surface of the specimen sub- 
strate 2 is inclined so that the inclined trench 139 is put 
at a level higher than the vertical trench 137. Created to 
connect the rectangular holes 136 and 136', the inclined 
trench 139 has a width of about 2 microns, a length of 
about 30 microns and a depth of about 18 microns. Also 
in this case, care must be exercised so that sputter par- 
ticles generated by irradiation of an FIB 1 35 do not fill tip 
the vertical trench 137, the inclined trench 139, the rec- 
tangular hole 136 and the rectangular hole 136' which 
have been created at great pains. The bottom of the 
inclined trench 1 39 is merged with the bottom of the ver- 
tical trench 137. As a result, a micro-sample 140 with a 
right-angled-triangular cross section having a wedge 
like shape with a bottom vertex of 20 degrees is sepa- 
rated from the specimen substrate 2 with the residual 
area 138 left between the rectangular hole 136 and the 
vertical trench 137 serving as a support area. The sep- 
arated micro-specimen 140 is supported by the support 
area 138. Refer to Fig. 27/c. 

5-5 [Deposition Process for Probe Fixation] 

[01 25] Then, after the surface of the specimen surface 
2 is restored to the horizontal level, the tip of the probe 
141 employed in the specimen transferring unit 4 is 
brought into contact with the end of the micro-specimen 
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140 on the side opposite to the support area 138. The 
contact state can be sensed by detecting a change in 
electrical conduction and a change in capacity between 
the micro-specimen 140 and the probe 141. In order to 
prevent a damage from being inflicted upon the probe 

141 and the micro-specimen 140 due to careless press- 
ing of the former against the latter, there is provided a 
function for halting the driving in the downward direc- 
tion, that is, the pressing down, of the probe 141 as 
soon as the tip of the probe 141 comes in contact with 
the micro-specimen 140. Then, the tip of the probe 141 
is firmly joined to the micro-specimen 140 by a deposi- 
tion film 142 created on an area to which the FIB 135 is 
irradiated, strictly speaking, over which the FIB 135 
sweeps in a scanning operation, while gas for deposi- 
tion is being supplied to an area with an angle of about 
2 microns including the tip of the probe 141 . That is, the 
tip of the probe 141 is firmly joined to the micro-speci- 
men 140 through the deposition film 142. Refer to Fig. 
27/d and e. 

5-6 [Micro-Specimen Extraction Process] 

[0126] In order to extract the micro-specimen 140 
from the specimen substrate 2, the FIB 135 is irradiated 
to the support area 138 holding the micro-specimen 
140. The irradiation of the FIB eliminates the support 
area 138, releasing the micro-specimen 140 from the 
temporary held state. The support area 1 38 has an area 
of 2 square microns and a depth of about 15 microns 
which require an FIB irradiation (or scanning) of about 2 
to 3 minutes to remove the support area 138. After the 
support area 138 has been removed, the micro element 

140 is in a state of being completely separated and 
extracted from the specimen substrate 2. Refer to Fig. 
27/e and f. 

5-7 [Micro-Specimen Transfer (Sample Stage Shifting) 
Process] 

[0127] Then, the micro-specimen 140 separated and 
extracted from the specimen substrate 2 is moved to a 
TEM-specimen holder 143 with the micro-specimen 140 
firmly attached to the tip of the probe 141 as it is. In 
actuality, it is the sample stage 3 that is shifted so that 
the TEM-specimen holder 143 mounted on the sample 
stage3 is moved into the scanning range of the FIB 135. 
At that time, in order to avoid an unexpected accident, 
the micro-specimen 140 is saved at a position by a 
movement in the upward direction along with the probe 

141 as shown by an arrow. As described earlier, there 
are a variety of methods for mounting the TEM-speci- 
men holder 143 on the sample stage 3. In this example, 
it is assumed that the TEM-specimen holder 143 has 
been mounted on a TEM stage of the side-entry type. 
Refer to Fig. 27/f and g. 



5-8 [Micro-Specimen Fixation Process] 

[0128] As the TEM-specimen holder 143 enters the 
scanning range of the FIB 1 35 due to a shift of the sam- 

5 pie stage 3, the shift of the sample stage 3 is discontin- 
ued on the spot. Then, the probe 141 is moved 
downward to bring the micro-specimen 140 into contact 
with the TEM-specimen holder 143. Refer to Fig. 27/g. 
[01 29] As the tip of the micro-specimen 1 40 comes in 

10 contact with the upper surface of the TEM-specimen 
holder 143, a deposition film 145 is created at the con- 
tact location by irradiating the FIB 135 to the contact 
members while supplying gas for deposition to the con- 
tact members. In this way, the tip of the micro-specimen 

75 140 is firmly joined to the upper surface of the TEM- 
specimen holder 143. In this embodiment, the deposi- 
tion film 145 is created on a longitudinal-direction end 
surface of the micro-specimen 140. At that time, the 
area of a portion to which the FIB 135 is irradiated is 

20 about 3 square microns. Part of the created deposition 
film 145 is stuck on the TEM-specimen holder 143 
whereas the rest is attached to a side surface of the 
micro-specimen 140 so that the film 145 firmly joins the 
holder 1 43 to the specimen 1 40. It should be noted that, 

25 as an alternative technique, in order to fix the micro- 
specimen 140 to the TEM-specimen holder 143 with an 
even higher degree of reliability, a thin long trench 144 
with a width of about 2 microns, a length of about 32 
microns and a depth of about 3 microns is created in 

30 advance on the specimen fixing surface of the TEM- 
specimen holder 143 by fabrication using an FIB. Then, 
after the bottom of the micro-specimen 140 is inserted 
into the thin long trench 144, a deposition film 145 is 
created on a longitudinal-direction end surface of the 

35 micro-specimen 1 40. As a matter of fact, Fig. 1 7/(g) and 
(h) are diagrams showing this alternative technique. 
[0130] It is desirable to place the area on the micro- 
specimen 140 to be observed on the rotational-center 
axis of the TEM stage of the side-entry type. Since the 

40 micro-specimen 140 to be firmly joined to the TEM- 
specimen holder 143 has an infinitesimal size in the 
range several microns to several tens of microns, how- 
ever, in actuality, it will be sufficient to bring the speci- 
men fixing surface of the TEM-specimen holder 143 to 

45 the rotational-center axis of the TEM stage of the side- 
entry type. By doing so, the area on the micro-specimen 
140 to be observed can be brought into the observation 
visual field of a TEM when the TEM stage is set in the 
TEM. 

so [0131] (n addition, if at that time, the rotational-center 
axis of the TEM stage of the side-entry type is oriented 
in a direction parallel to the inclination axis of the sam- 
ple stage 3, it will be no longer necessary to rotate the 
direction of the extracted micro-specimen 140. Thus, it 

55 is not necessary to install a complex rotating mecha- 
nism in the specimen transferring unit 4. In addition, 
there is exhibited an effect that, by employing a TEM 
stage of the side-entry type, the micro-specimen 140 



26 



49 



EP 0 927 880 A1 



50 



can be introduced into the TEM right after its fabrication. 
Another effect is that, when an additional fabrication is 
required, the micro-specimen 140 can be returned to 
the FIB apparatus to undergo the additional fabrication. 

5 

5-9 [Probe Separating Process] 

[0132] After the operation to supply deposition gas 
has been halted, an FIB 135 is irradiated to the deposi- 
tion film 145 that firmly binds the tip of the probe 141 10 
and the micro-specimen 140 together to eliminate the 
deposition film 145 by a sputtering process. As the dep- 
osition film 145 is eliminated, the probe 141 is detached 
from the micro-specimen 140. In this way, the micro- 
specimen 140 is firmly held by the TEM-specimen 75 
holder 143 and is put in a state completely independent 
of the probe 141 . Refer to Fig. 27/i. 

5-10 [Thinning Process] 

20 

[0133] Finally, the desired area on the micro-specimen 
140 to be observed is subjected to a thinning finishing 
process to produce a wall 146 with a thickness not 
exceeding a value of about 100 nm. This thinning proc- 
ess is the last one of the sequence of processes to fab- 25 
ricate a TEM specimen. Since one of the longitudinal- 
direction side surfaces of the micro-specimen 140 is a 
vertical surface, an area subjected to radiation of an FIB 
for this thinning process is determined by taking this ver- 
tical surface as a reference. Thus, it is possible to create 30 
a wall 156 that is ail but perpendicular to the surface of 
the original specimen substrate 2. In addition, in order to 
fabricate the surface of the wall 146 into a flatter level, 
an FIB deposition film can be created on the surface of 
the micro-specimen 140 including the wall formation 35 
area prior to the irradiation of the FIB. As a result of the 
thinning process described above, it is possible to form 
a wall with a horizontal width of about 15 microns and a 
depth of about 10 microns, allowing a specimen for use 
in an observation utilizing a TEM to be produced. Refer 40 
to Fig. 27/j. 

[0134] All the processes described above, from the 
marking process to the thinning process, take about 1 
hour and 30 minutes to complete, showing a reduction 
to a fraction of the length of time it takes to finish the 45 
processes according to the conventional methods for 
fabrication of a TEM specimen. 

5-11 [TEM-Observation Process] 

50 

[01 35] After the thinning process described above has 
been completed, the TEM stage of the side-entry type is 
pulled out from the specimen chamber 77 of the FIB 
apparatus for fabricating a TEM specimen and brought 
into a TEM-specimen chamber. At that time, the TEM 55 
stage is rotated so that the path of an electron beam for 
observation crosses the wall surface perpendicularly 
before being brought into the TEM-specimen chamber. 



Generally known, the technology of the observation 
using a TEM carried out thereafter is not explained. 
[01 36] As described above, the procedure for fabricat- 
ing a specimen as implemented by the embodiment 
applies to a specimen for observation using a TEM. It 
should be noted, however, that applications of the pro- 
cedure are not limited to such a specimen. For example, 
the method can also used as a variety of other observa- 
tion, analysis and measurement methods. 
[01 37] It is worth noting that the method for fabrication 
of a specimen provided by this embodiment is much dif- 
ferent from the specimen fabrication method disclosed 
in prior-art reference 3 in that: 

(1) The method for radiation of a beam during 
extraction and separation of a specimen is com- 
pletely different. In the case of the present embodi- 
ment, in order to thin an extracted micro-specimen 
as much as possible and to simplify the separation 
(the bottom-dividing process) of the bottom of the 
micro-specimen from the specimen substrate, an 
inclination process of a specimen longitudinal- 
direction side surface is carried out. By the longitu- 
dinal direction, a direction parallel to the TEM 
observation surface is implied. 

(2) In the case of this embodiment, an extracted 
micro-specimen is firmly held by a TEM-specimen 
holder, a member completely different from the 
probe of the specimen transferring unit. 

[01 38] As described above, according to the method 
for fabrication of a specimen provided by this embodi- 
ment, after marks are put on an area to be observed or 
analyzed on a specimen substrate such as a wafer or a 
device chip, a specimen for observations using a TEM, 
analyses, measurements or other kinds of observation 
can be fabricated from the specimen substrate immedi- 
ately without manual work and without taking the speci- 
men substrate from the vacuum specimen chamber of a 
specimen fabrication apparatus to a place outside the 
chamber. In addition, by using the specimen fabrication 
apparatus provided by the present embodiment, all the 
specimen-fabrication processes, from the marking proc- 
ess to the thinning process, can be carried out in a uni- 
form manner by using only the sample-fabrication 
apparatus. As a result, it is possible to carry out a vari- 
ety of operations, from extraction of a micro-specimen 
from mainly a semiconductor wafer and a semiconduc- 
tor chip in addition to other materials and components 
to mounting of the micro-specimen on a TEM-specimen 
holder, without lengthy manual work requiring much 
training and skills such as grinding and the mounting of 
the micro-specimen on the TEM-specimen holder and 
with reduced possibility of risks such as dropping of a 
specimen during a transfer of the specimen from equip- 
ment to equipment. In particular, the length of time it 
takes to fabricate a TEM specimen can be reduced sub- 
stantially. 
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(Sixth Embodiment) 

[0139] When a probe is brought into contact with the 
surface of a specimen substrate by a specimen transfer- 
ring unit in order to extract a micro-specimen from the 
specimen substrate, it is necessary to exercise care so 
as to prevent a damage or an injury from being inflicted 
upon the specimen substrate. This embodiment imple- 
ments a specimen transferring method and a specimen 
transferring unit taking prevention of infliction of an 
injury on a specimen substrate into consideration. 
[0140] Fig. 28 is a diagram showing the configuration 
of a specimen transferring unit (or a manipulator) as 
implemented by this embodiment in a simple and plain 
manner. As shown in the figure, the specimen transfer- 
ring unit 4 comprises a probe 11 for holding an 
extracted micro-specimen, a coarse- movement actua- 
tor 1 47 for moving the probe 1 1 in the 3 directions of the 
X, Y and Z axes at a low movement resolution and a 
fine-movement actuator 148 for moving the probe 1 1 in 
the Z-axial direction at a high movement resolution. The 
coarse-movement actuator 147 is installed at a location 
sufficiently separated away from a sample stage which 
is not shown in the figure. In order to allow the probe 1 1 
attached to the fine-movement actuator 158 to make 
accesses to a wide range of locations on the sample 
stage, the fine-movement actuator 148 is connected to 
the coarse-movement actuator 147 through a long 
extension rod 149. 

[0141 ] The coarse-movement actuator 1 47 comprises 
an X-axial-direction sub-actuator 147X, a Y-axial-direc- 
tion sub-actuator 147Y and a Z-axial-direction sub-sub- 
actuator 147Z. The movement stroke is about 3 mm and 
the movement resolution is about 0.5 microns in each of 
the 3 axial directions. The fine-movement actuator 148 
is implemented by a bimorph-type piezoelectric device 
with a movement stroke of about 200 microns and a 
movement resolution of about 0.05 microns. 
[0142] As described above, the fine-movement actua- 
tor 148 is connected to the coarse-movement actuator 
147 through the long extension rod 149 for a reason 
described as follows. In a space between an ion-beam 
irradiating optical system and a final-stage lens elec- 
trode employed in the specimen fabrication apparatus 
provided by the present invention and in the surround- 
ing spaces, a variety of components coexist. In order to 
avoid contention for space with the variety of compo- 
nents, it is desirable to install the coarse-movement 
actuator 147, the main body of the specimen transfer- 
ring unit 4 provided by the present invention, at a loca- 
tion as separated away as possible from the sample 
stage. In this embodiment, by using the extension rod 
149, the coarse-movement actuator 147 can be 
installed at a location separated away from the sample 
stage. 

[0143] A procedure for bringing the tip of the probe 1 1 
into contact with the surface of a specimen substrate 2 
is explained by referring to Fig. 29. In Fig. 29, a point 



1 51 , an intersection of a dotted line 1 50 and the surface 
of the specimen substrate 2, is the target contact posi- 
tion of the probe 1 1 . 

[0144] Fig. 30 is a flowchart used for explaining the 

5 procedure comprising procedural steps shown in Fig. 
29/(a)-(f) for bringing the tip of the probe 1 1 into contact 
with the surface of the specimen substrate 2 shown in 
Fig. 29. It should be noted that, in the flowchart shown 
in Fig. 30, the symbol T appended to an arrow indi- 

10 cates the occurrence of an event. For example, if the 
event is contact check, the symbol V indicates that the 
contact check has been carried out. On the other hand, 
the symbol 'N' appended to an arrow indicates the non- 
occurrence of an event. For example, if the event is con- 

15 tact check, the symbol 'N* indicates that the contact 
check has not been carried out. Unless otherwise stated 
differently, the word 'contact' used in the flowchart 
shown in Fig. 30 means contact between the tip of the 
probe 1 1 and the surface of the specimen substrate 2. It 

20 should be noted that, in actuality, the state of contact 
between the tip of the probe 11 and the surface of the 
specimen substrate 2 is always monitored, that is, the 
work to check the contact is done all the time. Thus, 
when there is contact, an operation indicated by an 

25 arrow appended by the symbol T is carried out. In the 
following description, the phrase 'contact check' 
appears a number of times. Thus, in order to avoid 
redundant explanation, the detailed description of the 
contact-check event is omitted except for special cases. 

30 [0145] First of all, after confirming that the tip of the 
probe 1 1 is not in contact with the surface of the speci- 
men substrate 2, the X-axial-direction sub-actuator 
147X and the Y-axial-direction sub-actuator 147Y are 
driven to move the tip of the probe 1 1 to a position right 

35 above the target contact position 151 as shown in Fig. 
29/(a). Then, with the tip of the probe 1 1 located at a 
position separated away from the surface of the speci- 
men substrate 2 by a distance of at least equal to the 
total stroke of the fine-movement actuator 1 48, the f ine- 

40 movement actuator 148 is driven to bring the tip of the 
probe 1 1 closer to the surface of the substrate 2 from 
the origin of the fine-movement actuator 148 by a dis- 
tance Z0 as shown in Fig. 29/(b). Typically, the distance 
Z0 is about 50% of the total stroke of the fine-movement 

45 actuator 148. Thus, in this embodiment, assuming that 
the total stroke is 200 microns, Z0 is about 1 00 microns. 
Then, the Z-axial-direction coarse-movement sub-actu- 
ator 147Z is driven to make the fine-movement actuator 
148 approach the surface of the specimen substrate 2 

so till the tip of the probe 1 1 comes in contact with the sur- 
face of the specimen substrate 2 as shown in Fig. 
29/(c). The contact between the tip of the probe 1 1 and 
the surface of the specimen substrate 2 can be con- 
firmed typically by monitoring changes in electrical 

55 resistance between the tip of the probe 1 1 and the sur- 
face of the specimen substrate 2. As an alternative, the 
contact between the probe 1 1 and the surface of the 
specimen substrate 2 can be confirmed by applying a 
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voltage to the probe 1 1 in advance and then monitoring 
changes in voltage contrast on a secondary-electron 
image of the surface of the specimen surface 2. As the 
contact between the probe 1 1 and the surface of the 
specimen substrate 2 is confirmed in this way, the 5 
movement of the Z-axial -direction coarse-movement 
actuator 147Z is halted at once and the fine-movement 
actuator 148 is driven again to let the tip of the probe 1 1 
escape to the origin (a 0-micron position), that is, to 
swing upward to the 0-micron position. By letting the w 
fine-movement actuator 148 escape from the surface of 
the specimen substrate 2, the tip of the probe 1 1 is 
restored to a position sufficiently separated from the 
surface of the specimen substrate 2, that is, a position 
separated from the surface of the specimen substrate 2 15 
by an escape distance of about 100 microns, so that, no 
injury is inflicted upon both the tip of the probe 1 1 and 
the surface of the specimen substrate 2 even if the tip of 
the probe 1 1 has been brought into excessive approach 
with the surface of the specimen substrate 2 to a certain 2 o 
degree due to causes such as a drift or a lag of stopping 
of the Z-axial-direction coarse-movement actuator 
147Z. Thus, the stroke of the fine-movement actuator 
148 has to be sufficiently greater than a distance of the 
excessive approach due to causes such as a drift or a 25 
lag of stopping of the Z-axial-direction coarse-move- 
ment sub-actuator 147Z. In the case of the specimen 
transferring unit (the probe driving mechanism) 4 pro- 
vided by the present invention, for example, the dis- 
tance of the excessive approach of the Z-axial-direction 30 
coarse-movement sub-actuator 147Z is smaller than 1 
micron and the stroke of the fine-movement actuator 
1 48 is 200 microns as described above. Thus, since the 
escape distance of the fine-coarse actuator 148 is 100 
microns which is 50% of the stroke, the escape distance 35 
can therefore sufficiently prevent an injury from being 
inflicted upon both the tip of the probe 1 1 and the sur- 
face of the specimen substrate 2. For the sake of more 
safety, the operation of the Z-axial-direction coarse- 
movement sub-actuator 147Z is locked and the Z-axial- 40 
direction coarse-movement sub-actuator 147Z can not 
thus be driven again as long as nothing is done to delib- 
erately release the Z-axial-direction coarse-movement 
sub-actuator 147Z from the locked state. Refer to Fig. 
29/(d). In this state, the X-axial-direction sub-actuator 45 
147X and the Y-axial-direction sub-actuator 147Y are 
driven to finally adjust the position of the tip of the probe 
1 1 to a location right above the target contact position 
151 as shown in Fig. 29/(e). Finally, only the fine-move- 
ment actuator 1 48 is driven to bring the tip of the probe 50 
1 1 into contact with the surface of the specimen sub- 
strate 2 softly as shown in Fig. 29/(f). Since the final 
contact can be established by only the fine-movement 
actuator 148 in this way, it is possible to prevent an 
injury from being inflicted upon both the tip of the probe 55 
1 1 and the surface of the specimen substrate 2. 
[0146] Fig. 30/(g) is a flowchart showing a method of 
adjustment which is adopted in case there is a posi- 



tional shift after contact has been established. However, 
Fig. 29 does not include a diagram showing this adjust- 
ment procedure. As shown in the flowchart of Fig. 
307(g), if the actual contact position is shifted from the 
target contact position, the fine-movement actuator 148 
is driven to escape in the upward direction so that the tip 
of the probe 1 1 is released from the contact state with 
the surface of the specimen substrate 2. If the tip of the 
probe 1 1 is till in contact with the surface of the speci- 
men substrate 2 even after the fine-movement actuator 
1 48 has been restored to the origin, that is, the 0-micron 
position, the Z-axial-direction sub-actuator 147Z is 
released from the locked state and the probe 11 is 
driven into a coarse movement in the Z-axial direction to 
let the tip thereof further escape. Then, the operation to 
move the tip of the probe 11 is resumed from an 
approaching operation by a coarse movement in the Z- 
axial direction. Even if the escaping fine movement by 
the fine-movement actuator 148 releases the tip of the 
probe 1 1 from the contact state with the surface of the 
specimen substrate 2, for caution's sake, the probe 1 1 is 
further driven upward by the fine-movement actuator 
148 to let the tip thereof escape farther by a distance 
Z1 . The value of Z1 is determined by the distances of 
movements by the tip of the probe 1 1 on the XY plane 
and the amount of the unevenness of the surface of the 
specimen substrate 2. Then, the X-axial -direction sub- 
actuator 147X and the Y-axial-direction sub-actuator 
147Y are driven to take the tip of the probe 1 1 to a loca- 
tion right above the target contact position 151 as 
shown in Fig. 29/(e). Finally, only the fine-movement 
actuator 148 is driven to let the tip of the probe 11 
approach the surface of the specimen substrate 2 and 
to bring the former into contact with the latter. 
[0147] If a distance causing excessive approach 
caused by a creep or a lag of coarse-movement stop- 
ping described above can be estimated in advance, the 
escaping fine movement shown in Fig. 29/(d) is not nec- 
essarily made over a long distance of 100 microns from 
the Z0 position (or the 100-micron position) to the origin 
(or the 0-micron position). For example, if a distance 
causing excessive approach is estimated to be 5 
microns or shorter, the distance of the escaping fine 
movement can be set at about 10 microns, or a distance 
from the 100-micron position to the 90-micron position. 
As an alternative, the fine-movement actuator 148 can 
be driven to once restore the tip of the probe 1 1 to the 
origin (the 0-micron position). Then, the probe 11 is 
driven to approach the surface of the specimen sub- 
strate 2 till the 90-micron position at a relatively high 
speed. Thereafter, the driving of the probe 1 1 is contin- 
ued at a sufficiently low speed till the vicinity of the 100- 
micron position is reached. In this way. the tip of the 
probe 1 1 is brought into contact with the surface of the 
specimen substrate 2 by adopting the so-called varia- 
ble-speed approaching technique. In this case, since 
the approaching speed of the probe 1 1 prior to a contact 
state is low, the probability of infliction of a damage on 
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the specimen substrate 2 decreases and the length of 
the total time to drive the fine-movement actuator 148 
can also be reduced as well. 

[0148] If driving the probe 11 at a high movement res- 
olution by the fine-movement actuator 148 causes a 5 
small displacement in the XY plane, procedural step (e) 
for driving the X-axial -direction sub-actuator 147X and 
the Y-axial-direction sub-actuator 147Y to finally adjust 
the position of the tip of the probe 1 1 to a location right 
above the target contact position 151 after procedural 
step (d) for driving the probe 1 1 at a high movement res- 
olution to escape from the surface of the specimen sub- 
strate 2 is not meaningful any more. Thus, in this case, 
after procedural step (b) for driving the probe 1 1 at a 
high movement resolution to approach the Z0 position, 
the tip of the probe 1 1 is driven in the X and Y axial 
directions at a low movement resolution to a position 
right above the target contact position 151. Then, proce- 
dural steps (c) and (d) are executed to be followed by 
procedural steps (f) and (g), skipping procedural step 
(e) as described above to give a higher efficiency. 
[0149] The method of bringing the tip of the probe 1 1 
into contact with the surface of the specimen substrate 
2 has been described above. It should be noted that the 
method can also be adopted to bring a micro-specimen 
40 into contact with the TEM-specimen holder 19 after 
the micro-specimen 40 has been extracted from the 
specimen substrate 2. The description of the method of 
bringing the tip of the probe 1 1 into contact with the sur- 
face of the specimen substrate 2 holds true of the 
method to bring a micro-specimen 40 into contact with 
the TEM-specimen holder 19 if the micro-specimen 40 
fixed on the probe 1 1 is substituted for the probe 1 1 in 
the description and the surface of the TEM-specimen 
holder 19 is substituted for the surface of the specimen 
substrate 2 in the description. Also in this cases it is 
needless to say that injuries can be effectively pre- 
vented from being inflicted upon the micro-specimen 40 
and the TEM-specimen holder 19. 
[01 50] By adopting the method to bring a member into 40 
contact with another member described above, injuries 
can be effectively prevented from being inflicted upon 
the probe, the specimen substrate and the TEM-speci- 
men holder. 

[01 51 ] A variety of embodiments of the present inven- 45 
tion have been described above. It should be noted, 
however, that the scope of the present invention is not 
limited to the embodiments. In the description, the 
embodiments are mainly exemplified by fabrication of 
specimens for observations using a TEM. It is obvious, so 
however, that the present invention can also be applied 
to fabrication of specimens for observations using other 
observation apparatuses such as an SEM and fabrica- 
tion of specimens subjected to analyses and measure- 
ments. 55 
[0152] As described above, according to the present 
invention, it is possible to fabricate specimens for an 
observation apparatus such as a TEM or other types of 



apparatus such as an analysis/measurement apparatus 
directly from a specimen substrate such as an inte- 
grated-circuit chip or a semiconductor wafer without 
requiring manual work. In addition, since a micro-speci- 
men extracted from the substrate can be held in a car- 
tridge, the micro-specimen can be controlled and 
maintained with ease. Moreover, the number of undesir- 
able effects such as mechanical vibration generated by 
an external source during an observation or an analysis 
of the micro-specimen can be reduced. 

POTENTIAL INDUSTRIAL APPLICATIONS 

[0153] The method and apparatus for fabrication of 
specimens provided by the present invention can be uti- 
lized in fabrication of infinitesimal specimens subjected 
to observations, analyses and measurements of a small 
area on a substrate such as a semiconductor wafer or a 
semiconductor device chip. In particular, the method 
and apparatus are effective for fabrication of specimens 
subjected to observation using a TEM. The method and 
apparatus contribute to facilitation of clarification of 
causes of failures occurring during a process of manu- 
facturing VLSI semiconductor devices. 
[0154] The essentials of the above description of 
various embodiments of the invention can be sum- 
marized as follows: 

[01 55] Regarding a "specimen fabrication method" as 
described in claim 1 the following additional features 
and teachings are preferred: 

a) . Said specimen fabrication method further com- 
prising an additional-fabrication process for carry- 
ing out an additional fabrication on a portion 
including said area to be observed on said micro- 
specimen after said probe separation process. 

b) . Said specimen fabrication method further com- 
prising a marking process for putting marks to clar- 
ify said area to be observed prior to said probe 
connection process. 

c) . Said specimen fabrication method wherein said 
micro-specimen is separated from said specimen 
substrate in said specimen separation process by 
adopting an ion-beam sputtering fabrication 
method. 

d) . Said specimen fabrication method wherein said 
ion-beam sputtering fabrication method adopted to 
separate said micro-specimen from said specimen 
substrate uses a focused ion beam (FIB). 

e) . Said specimen fabrication method wherein said 
ion-beam sputtering fabrication method adopted to 
separate said micro-specimen from said specimen 
substrate uses a projection ion beam (PJIB). 

f) . Said specimen fabrication method wherein said 
ion-beam sputtering fabrication method adopted to 
separate said micro-specimen from said specimen 
substrate uses a focused ion beam (FIB) in con- 
junction with a projection ion beam (PJIB). 
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g) . Said specimen fabrication method wherein said 
micro-specimen is separated from said specimen 
substrate by adoption of said ion-beam sputtering 
fabrication method whereby ion beams are irradi- 
ated to the surface of said specimen surface from a 5 
plurality of different angles. 

h) . Said specimen fabrication method wherein said 
micro-specimen is separated from said specimen 
substrate in said specimen separation process by 
adopting an ion-beam fabrication method in con- 10 
junction with a laser-beam fabrication method. 

i) . Said specimen fabrication method wherein said 
micro-specimen is separated from said specimen 
substrate in said specimen separation 

process by executing the steps of: 15 

creating a trench enclosing a portion on said 
specimen substrate to be separated as said 
micro-specimen; and 

applying a mechanical shearing force to said 20 
portion enclosed by said trench in order to 
shear and separate said portion. 

j). Said specimen fabrication method wherein said 
tip of said probe is firmly joined to the vicinity of an 25 
area on-said specimen substrate to be observed in 
said probe connection process by executing the 
steps of: 

bringing the tip of said probe into contact with a 30 
surface of the vicinity of said area on said spec- 
imen substrate to be observed; and 
creating an ion-beam assist deposition film on 
a contact portion between the tip and the sur- 
face. 35 

k). Said specimen fabrication method wherein the 
tip of said probe is separated from said micro-spec- 
imen in said probe separation process by removing 
said ion-beam assist deposition film used for fixing 40 
the tip of said probe to a surface of said micro-spec- 
imen by adoption of an ion-beam sputtering fabrica- 
tion method. 

I). Said specimen fabrication method wherein said 
tip of said probe is firmly joined to the vicinity of an 45 
area on said specimen substrate to be observed in 
said probe connection process by 
executing the steps of: 

bringing the tip of said probe into contact with a so 
surface of the vicinity of said area on said spec- 
imen substrate to be observed; and 
creating a film by redeposition of ion-beam 
sputter particles on a contact portion between 
the tip and the surface. 55 

m). Said specimen fabrication method wherein the 
tip of said probe is separated from said micro-spec- 



imen in said probe separation process by removing 
said film created by redeposition of ion-beam sput- 
ter particles to fix the tip of said probe to a surface 
of said micro-specimen by adoption of an ion-beam 
sputtering fabrication method, 
n). Said specimen fabrication method wherein said 
tip of said probe is firmly joined to the vicinity of an 
area on said specimen substrate to be observed in 
said probe connection process by absorbing the tip 
of said probe to the vicinity of said area on said 
specimen substrate by adoption of an electrostatic 
absorption method. 

o). Said specimen fabrication method wherein the 
tip of said probe is separated from said micro-spec- 
imen in said probe separation process by removing 
an absorption force generated by said electrostatic 
absorption method to fix the tip of said probe to a 
surface of said micro-specimen, 
p). Said specimen fabrication method wherein said 
tip of said probe is firmly joined to the vicinity of an 
area on said specimen substrate to be observed in 
said probe connection process through adhesive 
applied to the tip of said probe, 
q). Said specimen fabrication method wherein the 
tip of said probe is separated from said micro-spec- 
imen in said probe separation process by eliminat- 
ing adhesion of said adhesive for fixing the tip of 
said probe to a surface of said micro-specimen, 
r). Said specimen fabrication method wherein said 
adhesive is ultraviolet-ray exfoliative adhesive with 
its adhesion reduced by irradiation of an ultraviolet 
ray thereto and the tip of said probe is separated 
from said micro-specimen in said probe separation 
process by irradiating an ultraviolet ray to said ultra- 
violet-ray exfoliative adhesive for fixing the tip of 
said probe to a surface of said micro-specimen, 
s). Said specimen fabrication method wherein said 
adhesive is heating exfoliative adhesive with its 
adhesion reduced by heat and the tip of said probe 
is separated from said micro-specimen in said 
probe separation process by heating said heating 
exfoliative adhesive for fixing the tip of said probe to 
a surface of said micro-specimen, 
t). Said specimen fabrication method wherein said 
tip of said probe is firmly joined to the vicinity of an 
area on said specimen substrate to be observed in 
said probe connection process by fusion 
of the tip of said probe on the vicinity of said area on 
said specimen substrate to be observed, 
u). Said specimen fabrication method wherein the 
tip of said probe is separated from said micro-spec- 
imen in said probe separation process by removing 
fusion between the tip of said probe and a surface 
of said micro-specimen by adoption of an ion-beam 
sputtering fabrication method, 
v). Said specimen fabrication method wherein said 
tip of said probe is firmly joined to the vicinity of an 
area on said specimen substrate to be observed in 
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said probe connection process through a metallic 
junction between the tip of said probe and a surface 
of said micro-specimen. 

w). Said specimen fabrication method wherein the 
tip of said probe is separated from said micro-spec- s 
imen in said probe separation process by removing 
said metallic junction between the tip of said probe 
and a surface of said micro-specimen by adoption 
of an ion-beam sputtering fabrication method, 
x). Said specimen fabrication method wherein said 10 
micro-specimen is fixed to said specimen holder in 
said specimen fixing process by executing the 
steps of: 

bringing the tip of said micro-specimen into 15 
contact with said specimen holder; and 
creating an ion-beam assist deposition film on 
a contact portion between said micro-speci- 
men and said 

specimen holder. 20 

y). Said specimen fabrication method wherein said 
micro-specimen is fixed to said specimen holder in 
said specimen fixing process by executing the 
steps of: 25 

bringing the tip of said micro-specimen into 
contact with said specimen holder; and 

creating a film by redeposition of ion-beam 30 
sputter particles on a contact portion between 
said micro-specimen and said specimen 
holder. 

z). Said specimen fabrication method wherein said 35 
micro-specimen is fixed to said specimen holder in 
said specimen fixing process by electrostatic 
absorption of said micro-specimen to said speci- 
men holder. 

a1). Said specimen fabrication method wherein 40 
said micro-specimen is fixed to said specimen 
holder in said specimen fixing process by adhesion 
of said micro-specimen to said specimen holder 
through adhesive. 

a2). Said specimen fabrication method wherein 45 
said micro-specimen is fixed to said specimen 
holder in said specimen fixing process by fusion of 
said micro-specimen to said specimen holder. 
a3). Said specimen fabrication method wherein 
said micro-specimen is fixed to said specimen so 
holder in said specimen fixing process through a 
metallic junction between said micro-specimen to 
said specimen holder. 

a4). Said specimen fabrication method wherein 
said specimen holder is a specimen holder of a 55 
transmission electron microscope. 
a5). Said specimen fabrication method wherein 
said specimen holder comprises a metallic wire 



capable of firmly holding said micro-specimen and 
a metallic-wire fixing unit for fixing both ends of said 
metallic wire. 

[01 56] Regarding a "specimen fabrication appara- 
tus" as described in claim 2, the following addi- 
tional features and teachings are preferred: 

a) . Said specimen fabrication apparatus wherein 
said micro-specimen separating means has an ion- 
beam irradiation means for separating said micro- 
specimen from said specimen substrate by adopt- 
ing an ion-beam sputtering fabrication method 
whereby an ion beam is irradiated to said specimen 
substrate. 

b) . Said specimen fabrication apparatus wherein 
said ion-beam irradiation means includes a projec- 
tion-ion-beam irradiating optical system. 

c) . Said specimen fabrication apparatus wherein 
said ion-beam irradiation means includes a 
focused-ion-beam irradiating optical system. 

d) . Said specimen fabrication apparatus wherein 
said ion-beam irradiation means includes a projec- 
tion-ion-beam irradiating optical system and a 
focused-ion-beam irradiating optical system. 

e) . Said specimen fabrication apparatus wherein 
said micro-specimen separating means has: 

an ion-beam irradiation means for separating 
said micro-specimen from said specimen sub- 
strate by adopting an ion-beam sputtering fab- 
rication method whereby an ion beam is 
irradiated to said specimen substrate; and 

a laser-beam irradiation means for separating 
said micro-specimen from said specimen sub- 
strate by adopting an laser-beam sputtering 
fabrication method whereby an laser beam is 
irradiated to said specimen substrate. 

f) . Said specimen fabrication apparatus wherein 
said ion-beam irradiation means has a plurality of 
ion-beam irradiating optical systems having ion- 
beam irradiation directions different from each 
other. 

g) . Said specimen fabrication apparatus wherein 
said micro-specimen separating means further 
includes a specimen separation state detection 
means for detecting a state of separation of said 
micro-specimen from said specimen substrate. 

h) . Said specimen fabrication apparatus wherein 
said probe connecting means has: 

a probe contact means for bringing the tip of 
said probe into contact with a surface of the 
vicinity of said area on said specimen substrate 
to be observed; 

a probe contact state detection means for 
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detecting a state of contact of the tip of said 
probe with the surface of the vicinity of said 
area on said specimen substrate; and 
a probe fixing means for firmly joining the tip of 
said probe to the surface of the vicinity of said 5 
area on said specimen substrate. 

i). Said specimen fabrication apparatus wherein 
said probe fixing means creates an ion-beam assist 
deposition film or a film by redeposition of ion-beam w 
sputter particles on a contact portion between the 
tip of said probe and the surface of the vicinity of 
said area on said specimen substrate, 
j). Said specimen fabrication apparatus wherein 
said probe fixing means firmly joins the tip of said 75 
probe to the surface of the vicinity of said area on 
said specimen substrate to be observed through a 
metallic junction, by fusion or by adhesion, 
k). Said specimen fabrication apparatus wherein 
said micro-specimen fixing means has: 20 

a specimen contact means for bringing said 
microspecimen separated from said specimen 
substrate into contact with said specimen 
holder; 25 
a specimen contact state detection means for 
detecting a state of contact of said micro-spec- 
imen with said specimen holder; and 
a specimen attaching means for firmly attach- 
ing said micro-specimen to said specimen 30 
holder. 

I). Said specimen fabrication apparatus wherein 
said specimen attaching means creates an ion- 
beam assist deposition film or a f il m by redeposition 35 
of ion-beam sputter particles on a contact portion 
between said micro-specimen and said specimen 
holder. 

m). Said specimen fabrication apparatus wherein 
said specimen attaching means firmly attaches 40 
said micro-specimen to said specimen holder 
through a metallic junction, by fusion or by adhe- 
sion. 

n). Said specimen fabrication apparatus wherein 
said probe separating means has: 45 

a probe-connection dissolving means for dis- 
solving a state of contact of said probe with 
said micro-specimen; and 

a probe separation state detection means for 50 
detecting a state of separation of said probe 
from said micro-specimen. 

0). Said specimen fabrication apparatus wherein 
said probe-connection dissolving means 55 
dissolves connection of said probe to said micro- 
specimen by adopting an ion-sputtering fabrication 
method. 



p). Said specimen fabrication apparatus wherein 
said probe contact state detection means detects a 
state of contact of said probe with said specimen 
substrate by monitoring changes in electrical resist- 
ance between said probe and said specimen sub- 
strate or changes in voltage contrast on a 
secondary-particle image of the vicinity of said area 
on said specimen substrate to be observed, 
q). Said specimen fabrication apparatus wherein 
said specimen separation state detection means 
detects a state of separation of said micro-speci- 
men from said specimen substrate by monitoring 
changes in electrical resistance between said 
micro-specimen and said specimen substrate or 
changes in voltage contrast on a secondary-parti- 
cle image of the vicinity of said micro-specimen, 
r). Said specimen fabrication apparatus wherein 
said specimen contact state detection means 
detects a state of contact of said micro-specimen 
with said specimen holder by monitoring changes in 
electrical resistance between said micro-specimen 
and said specimen holder or changes in voltage 
contrast on a secondaryparticle image of the vicin- 
ity of a connection portion between said micro- 
specimen and said specimen holder, 
s). Said specimen fabrication apparatus wherein 
said probe separation state detection means 
detects a state of separation of said probe from said 
micro-specimen by monitoring changes in electrical 
resistance between said micro-specimen and said 
probe or changes in voltage contrast on a second- 
ary-particle image of the vicinity of a connection 
portion between said micro-specimen and said 
probe. 

t). Said specimen fabrication apparatus further 
including an observation means for observing the 
vicinities of said specimen substrate, said probe 
and said specimen holder, 
u). Said specimen fabrication apparatus wherein 
said observation means is a secondary-particle 
image display means for detecting secondary parti- 
cles emanating from an area to be observed in the 
vicinity of said specimen substrate, said probe or 
said specimen holder due to irradiation of an ion 
beam or an electron beam to said area and display- 
ing a secondary-particle image of said area repre- 
senting said detected secondary particles, 
v). Said specimen fabrication apparatus wherein 
said secondary-particle image display means is 
capable of providing voltage contrast to said sec- 
ondary-particle image of said area to be observed, 
w). Said specimen fabrication apparatus wherein 
said sample stage is provided with a specimen- 
holder holding means allowing said specimen 
holder to be set at a location in close proximity to 
said specimen substrate placed on said sample 
stage in such a way that said specimen holder can 
be mounted and removed with a high degree of 
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freedom' 

x). Said specimen fabrication apparatus wherein 
said sample stage comprises: 

a specimen cassette having a specimen-sub- 
strate mounting unit on which said specimen 
substrate is mounted and a specimen-holder 
holding unit for holding said specimen holder; 
and 

a movable specimen-cassette holder for hold- 
ing said specimen cassette. 

y). Said specimen fabrication apparatus wherein 
said sample stage comprises: 

a specimen cassette having a specimen-sub- 
strate mounting unit on which said specimen 
substrate is mounted and a holder-cartridge 
holding unit for mounting said specimen holder 
and holding a holder cartridge in such a way 
that said holder cartridge can be mounted on 
and removed from a specimen stage of said 
observation apparatus; and a movable speci- 
men-cassette holder for holding said specimen 
cassette. 

z). Said specimen fabrication apparatus wherein 
said probe has a member exhibiting a spring effect. 
a1). Said specimen fabrication apparatus wherein 
said probe has a member with a spring structure 30 
built from a bent portion. 

a2). Said specimen fabrication apparatus wherein 
said specimen holder is a specimen holder of a 
transmission electron microscope. 
a3). Said specimen fabrication apparatus wherein 35 
said specimen holder comprises a metallic wire 
capable of firmly holding said micro-specimen and 
a metallic-wire fixing unit for fixing both ends of said 
metallic wire. 

40 

[0157] Regarding a "specimen fabrication appara- 
tus" as described in claim 4, the following addi- 
tional features and teachings are preferred: 

a) . Said specimen fabrication apparatus wherein 45 
said specimen holder is a specimen holder of a 
transmission electron microscope. 

b) . Said specimen fabrication apparatus wherein 
said specimen transferring unit comprises a so 
coarse-movement actuator for moving said micro- 
specimen at a low movement resolution and a fine- 
movement actuator firmly attached to an end of 
said coarse-movement actuator on a coarse-move- 
ment side and used for moving said micro-speci- 55 
men at a high movement resolution, wherein a 
probe for firmly holding said micro-spocimen is 
attached to an end of said fine-movement actuator 



on a fine-movement side. 



g) . Said specimen fabrication apparatus wherein 
said coarse-movement actuator is installed outside 
said vacuum chamber through a side port provided 
on a side wall of said vacuum chamber and said 
fine-movement actuator is installed inside said vac- 
uum chamber through said side port. 

h) . Said specimen fabrication apparatus wherein 
said specimen substrate is a semiconductor wafer. 

i) . Said specimen fabrication apparatus wherein 
said specimen substrate is a semiconductor device 
chip. 

j). Said specimen fabrication apparatus wherein 
said semiconductor wafer is a silicon wafer. 

k). Said specimen fabrication apparatus wherein 
said micro-specimen is a sliver of silicon. 

I). Said specimen fabrication apparatus wherein 
said specimen holder is a specimen holder of a sin- 
gle-hole type. 

m). Said specimen fabrication apparatus wherein 
said specimen holder is a sliver of silicon or a circu- 
lar piece of silicon cut out from an original silicon 
wafer. 

n). Said specimen fabrication apparatus wherein a 
surface of said sliver of silicon on which said micro- 
specimen is mounted is a ground surface of said 
original silicon wafer. 



c) . Said specimen fabrication apparatus wherein 
said fine-movement actuator has a mechanism for 

5 moving said micro-specimen at a high movement 
resolution in a direction parallel to an optical axis of 
said ion-beam irradiating optical system. 

d) . Said specimen fabrication apparatus wherein 
10 said coarse-movement actuator has a mechanism 

for moving said micro-specimen at a low movement 
resolution in a direction perpendicular to an optical 
axis of said ion-beam irradiating optical system in a 
movement range of at least 3 mm. 

15 

e) . Said specimen fabrication apparatus wherein 
said specimen transferring unit is installed on the 
surface of a side wall of said vacuum chamber or a 
ceiling of said vacuum chamber. 

20 

f) . Said specimen fabrication apparatus wherein 
said specimen transferring unit is installed on an 
outer surface of a side wall of a last electrode of 
said ion-beam irradiating optical system. 

25 
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o). Said specimen fabrication apparatus wherein 
the cross section of said sliver of silicon has a rec- 
tangular shape or a convex shape which consists of 
two rectangles that are contacted at the sides. 

5 

p). Said specimen fabrication apparatus wherein 
said micro-specimen separated from said speci- 
men substrate has a cross section with a shape 
resembling a wedge. 

10 

q). Said specimen fabrication apparatus wherein 
one of the two long sides of said wedge, that is, the 
shape of said cross section of said micro-specimen, 
is perpendicular to the surface of said specimen 
substrate and the other long side is inclined with 15 
respect to the surface of said specimen substrate. 

r). Said specimen fabrication apparatus wherein 
said ion beam is a focused ion beam. 

20 

[0158] Regarding a "specimen fabrication 
method" as claimed in claim 5, the following addi- 
tional features and teachings are preferred: 

a). Said specimen fabrication method further 25 
including a process of performing a thinning fabri- 
cation on said micro-specimen fixed to said speci- 
men holder by irradiation of an ion beam to said 
microspecimen. 

30 

[0159] Regarding a "specimen fabrication 
method" as claimed in claim 6, the following addi- 
tional features and teachings are preferred: 

a) . Said specimen fabrication method further hav- 35 
ing a process of carrying out an additional fabrica- 
tion based on said marks and required in said 
observations by means of said observation appara- 
tus on said micro-specimen after said process of 
separating said specimen transferring unit from 40 
said micro-specimen. 

b) . Said specimen fabrication method wherein said 
observation apparatus is a transmission electron 
microscope and said additional fabrication is a thin- 45 
ning process required in said observations by 
means of said transmission electron microscope. 

c) . Said specimen fabrication method wherein the 
thickness of said micro-specimen separated from so 
said specimen substrate is 10 microns or smaller. 

d) . Said specimen fabrication method wherein the 
height of said micro-specimen separated from said 
specimen substrate is in the range 5 to 40 microns. 55 

[0160] Regarding a "specimen fabrication appara- 
tus" as claimed in claim 7, the following additional 



features and teachings are preferred: 

a) . Said specimen fabrication apparatus wherein 
said probe driving mechanism control system has a 
function for executing the steps of: 

driving said fine-movement actuator to position 
said probe at a location separated from the sur- 
face of said specimen substrate by a predeter- 
mined distance; 

driving said coarse-movement actuator to 
make said probe further approach the surface 
of said specimen substrate; and 
driving said fine-movement actuator to make 
said probe escape from the surface of said 
specimen substrate as soon as said probe 
comes in contact with the surface of said spec- 
imen substrate and, at the same time, halting 
an operation to drive said coarse-movement 
actuator to move said probe toward the surface 
of said specimen substrate. 

b) . Said specimen fabrication apparatus wherein 
said probe driving mechanism control system has a 
function which is used for disabling said coarse- 
movement actuator from further moving said probe 
toward the surface of said specimen substrate as 
soon as said probe comes in contact with the sur- 
face of said specimen substrate in a coarse move- 
ment actuated by said coarse-movement actuator. 

c) . Said specimen fabrication apparatus wherein 
said probe driving mechanism control system has a 
function for executing the steps of: 

driving said fine-movement actuator to make 
said probe escape from the surface of said 
specimen substrate as soon as said probe 
comes in contact with the surface of said spec- 
imen substrate; and 

driving said fine-movement actuator to make 
said probe re-approach the surface of said 
specimen substrate wherein, for a distance 
from said probe to the surface of said specimen 
substrate equal to or longer than a predeter- 
mined value, a speed of said probe to 
approach the surface of said specimen sub- 
strate is set at a high value and, for a distance 
from said probe to the surface of said specimen 
substrate shorter than said predetermined 
value, on the other hand, said speed of said 
probe to approach the surface of said speci- 
men substrate is set at a value lower than said 
high value set for a distance from said probe to 
the surface of said specimen substrate equal to 
or longer than said predetermined value. 
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Claims 

1 . A specimen fabrication method comprising: 

a probe connection process of firmly joining a s 
tip of a probe to the vicinity of an area on a 
specimen substrate to be observed; 
a specimen separation process of separating a 
micro-specimen including said area to be 
observed from said specimen substrate with 10 
said micro-specimen firmly joined to the tip of 
said probe; 

a specimen fixing process of fixing said micro- 
specimen separated from said specimen sub- 
strate to a specimen holder of an observation 15 
apparatus; and 

a probe separation process of separating the 
tip of said probe from said micro-specimen 
fixed to said specimen holder. 

20 

2. A specimen fabrication method according to claim 1 
further comprising an additional -fabrication process 
for carrying out an additional fabrication on a por- 
tion including said area to be observed on said 
micro-specimen after said probe separation proc- 25 
ess. 

3. A specimen fabrication method according to claim 1 
for 2 further comprising a marking process for 
putting marks to clarify said area to be observed 30 
prior to said probe connection process. 

4. A specimen fabrication method according to any 
one of claims 1 to 3 wherein said micro-specimen is 
separated from said specimen substrate in said 35 
specimen separation process by adopting an ion- 
beam sputtering fabrication method. 

5. A specimen fabrication method according to claim 4 
wherein said ion-beam sputtering fabrication 40 
method adopted to separate said micro-specimen 
from said specimen substrate uses a focused ion 
beam (FIB). 

6. A specimen fabrication method according to claim 4 45 
wherein said ion-beam sputtering fabrication 
method adopted to separate said micro-specimen 
from said specimen substrate uses a projection ion 
beam (PJIB). 

50 

7. A specimen fabrication method according to claim 4 
wherein said ion-beam sputtering fabrication 
method adopted to separate said micro-specimen 
from said specimen substrate uses a focused ion 
beam (FIB) in conjunction with a projection ion 55 
beam (PJIB). 

8. A specimen fabrication method according to any 



one of claims 4 to 7 wherein said micro-specimen is 
separated from said specimen substrate by adop- 
tion of said ion-beam sputtering fabrication method 
whereby ion beams are irradiated to the surface of 
said specimen surface from a plurality of different 
angles. 

9. A specimen fabrication method according to any 
one of claims 1 to 3 wherein said micro-specimen is 
separated from said specimen substrate in said 
specimen separation process by adopting an ion- 
beam fabrication method in conjunction with a 
laser-beam fabrication method. 

10. A specimen fabrication method according to any 
one of claims 1 to 3 wherein said micro-specimen is 
separated from said specimen substrate in said 
specimen separation process by executing the 
steps of: 

creating a trench enclosing a portion on said 
specimen substrate to be separated as said 
micro-specimen; and 

applying a mechanical shearing force to said 
portion enclosed by said trench in order to 
shear and separate said portion. 

11. A specimen fabrication method according to any 
one of claims 1 to 3 wherein said tip of said probe is 
firmly joined to the vicinity of an area on said spec- 
imen substrate to be observed in said probe con- 
nection process by executing the steps of: 

bringing the tip of said probe into contact with a 
surface of the vicinity of said area on said spec- 
imen substrate to be observed; and 
creating an ion-beam assist deposition film on 
a contact portion between the tip and the sur- 
face. 

12. A specimen fabrication method according to claim 
1 1 wherein the tip of said probe is separated from 
said micro-specimen in said probe separation proc- 
ess by removing said ion-beam assist deposition 
film used for fixing the tip of said probe to a surface 
of said micro-specimen by adoption of an ion-beam 
sputtering fabrication method. 

13. A specimen fabrication method according to any 
one of claims 1 to 3 wherein said tip of said probe is 
firmly joined to the vicinity of an area on said spec- 
imen substrate to be observed in said probe con- 
nection process by executing the steps of: 

bringing the tip of said probe into contact with a 
surface of the vicinity of said area on said spec- 
imen substrate to be observed; and 
creating a film by redeposition of ion-beam 
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sputter particles on a contact portion between 
the tip and the surface. 

14. A specimen fabrication method according to claim 

13 wherein the tip of said probe is separated from 5 
said micro-specimen in said probe separation proc- 
ess by removing said film created by redeposition of 
ion-beam sputter particles to fix the tip of said probe 
to a surface of said micro-specimen by adoption of 
an ion-beam sputtering fabrication method. 10 

15. A specimen fabrication method according to any 
one of claims 1 to 3 wherein said tip of said probe is 
firmly joined to the vicinity of an area on said spec- 
imen substrate to be observed in said probe con- 75 
nection process by absorbing the tip of said probe 

to the vicinity of said area on said specimen sub- 
strate by adoption of an electrostatic absorption 
method. 

20 

16. A specimen fabrication method according to claim 
15 wherein the tip of said probe is separated from 
said micro-specimen in said probe separation proc- 
ess by removing an absorption force generated by 
said electrostatic absorption method to fix the tip of 25 
said probe to a surface of said micro-specimen. 

17. A specimen fabrication method according to any 
one of claims 1 to 3 wherein said tip of said probe is 
firmly joined to the vicinity of an area on said spec- 30 
imen substrate to be observed in said probe con- 
nection process through adhesive applied to the tip 

of said probe. 

18. A specimen fabrication method according to claim 35 
17 wherein the tip of said probe is separated from 
said micro-specimen in said probe separation proc- 
ess by eliminating adhesion of said adhesive for fix- 
ing the tip of said probe to a surface of said micro- 
specimen. 40 

19. A specimen fabrication method according to claim 
17 wherein said adhesive is ultraviolet-ray exfolia- 
tive adhesive with its adhesion reduced by irradia- 
tion of an ultraviolet ray thereto and the tip of said 45 
probe is separated from said micro-specimen in 
said probe separation process by irradiating an 
ultraviolet ray to said ultraviolet-ray exfoliative adhe- 
sive for fixing the tip of said probe to a surface of 
said micro-specimen. 50 

20. A specimen fabrication method according to claim 
17 wherein said adhesive is heating exfoliative 
adhesive with its adhesion reduced by heat and the 

tip of said probe is separated from said micro-spec- 55 
imen in said probe separation process by heating 
said heating exfoliative adhesive for fixing the tip of 
said probe to a surface of said micro-specimen. 



21. A specimen fabrication method according to any 
one of claims 1 to 3 wherein said tip of said probe is 
firmly joined to the vicinity of an area on said spec- 
imen substrate to be observed in said probe con- 
nection process by fusion of the tip of said probe on 
the vicinity of said area on said specimen substrate 
to be observed. 

22. A specimen fabrication method according to claim 
21 wherein the tip of said probe is separated from 
said micro-specimen in said probe separation proc- 
ess by removing fusion between the tip of said 
probe and a surface of said micro-specimen by 
adoption of an ion-beam sputtering fabrication 
method. 

23. A specimen fabrication method according to any 
one of claims 1 to 3 wherein said tip of said probe is 
firmly joined to the vicinity of an area on said spec- 
imen substrate to be observed in said probe con- 
nection process through a metallic junction 
between the tip of said probe and a surface of said 
micro-specimen. 

24. A specimen fabrication method according to claim 
23 wherein the tip of said probe is separated from 
said micro-specimen in said probe separation proc- 
ess by removing said metallic junction between the 
tip of said probe and a surface of said micro-speci- 
men by adoption of an ion -beam sputtering fabrica- 
tion method. 

25. A specimen fabrication method according to any 
one of claims 1 to 3 wherein said micro-specimen is 
fixed to said specimen holder in said specimen fix- 
ing process by executing the steps of: 

bringing the tip of said micro-specimen into 
contact with said specimen holder; and 
creating an ion-beam assist deposition film on 
a contact portion between said micro-speci- 
men and said specimen holder. 

26. A specimen fabrication method according to any 
one of claims 1 to 3 wherein said micro-specimen is 
fixed to said specimen holder in said specimen fix- 
ing process by executing the steps of: 

bringing the tip of said micro-specimen into 
contact with said specimen holder; and 
creating a film by redeposition of ion-beam 
sputter particles on a contact portion between 
said micro-specimen and said specimen 
holder. 

27. A specimen fabrication method according to any 
one of claims 1 to 3 wherein said micro-specimen is 
fixed to said specimen holder in said specimen fix- 



37 



71 



EP 0 927 880 A1 



72 



ing process by electrostatic absorption of said 
micro-specimen to said specimen holder. 

28. A specimen fabrication method according to any 
one of claims 1 to 3 wherein said micro-specimen is 5 
fixed to said specimen holder in said specimen fix- 
ing process by adhesion of said micro-specimen to 
said specimen holder through adhesive. 

29. A specimen fabrication method according to any 10 
one of claims 1 to 3 wherein said micro-specimen is 
fixed to said specimen holder in said specimen fix- 
ing process by fusion of said micro-specimen to 
said specimen holder. 

15 

30. A specimen fabrication method according to any 
one of claims 1 to 3 wherein said micro-specimen is 
fixed to said specimen holder in said specimen fix- 
ing process through a metallic junction between 
said micro-specimen to said specimen holder. 20 

31. A specimen fabrication method according to any 
one of claims 1 to 3 wherein said specimen holder 
is a specimen holder of a transmission electron 
microscope. 25 

32. A specimen fabrication method, according to claim 
31 wherein said specimen holder comprises a 
metallic wire capable of firmly holding said micro- 
specimen and a metallic-wire fixing unit for fixing 30 
both ends of said metallic wire. 

33. A specimen fabrication apparatus comprising: 

a movable sample stage on which a specimen 35 
substrate is mounted; 

a probe connecting means for firmly joining a 
tip of a probe to the vicinity of an area on said 
specimen substrate to be observed; 
a micro-specimen separating means for sepa- 40 
rating a micro-specimen including said area to 
be observed from said specimen substrate with 
said micro-specimen firmly joined to the tip of 
said probe; 

a micro-specimen fixing means for fixing said 45 
micro-specimen separated from said specimen 
substrate to a specimen holder of an observa- 
tion apparatus; and 

a probe separating means for separating the tip 
of said probe from said micro-specimen fixed to so 
said specimen holder. 

34. A specimen fabrication apparatus according to 
claim 33 wherein said micro-specimen separating 
means has an ion-beam irradiation means for sep- 55 
arating said micro-specimen from said specimen 
substrate by adopting an ion-beam sputtering fabri- 
cation method whereby an ion beam is irradiated to 



said specimen substrate. 

35. A specimen fabrication apparatus according to 
claim 34 wherein said ion-beam irradiation means 
includes a projection-ion-beam irradiating optical 
system. 

36. A specimen fabrication apparatus according to 
claim 34 wherein said ion-beam irradiation means 
includes a focused-ion-beam irradiating optical sys- 
tem. 

37. A specimen fabrication apparatus according to 
claim 34 wherein said ion-beam irradiation means 
includes a projection-ion-beam irradiating optical 
system and a focused-ion-beam irradiating optical 
system. 

38. A specimen fabrication apparatus according to 
claim 33 wherein said micro-specimen separating 
means has: 

an ion-beam irradiation means for separating 
said micro-specimen from said specimen sub- 
strate by adopting an ion-beam sputtering fab- 
rication method whereby an ion beam is 
irradiated to said specimen substrate; and 
a laser-beam irradiation means for separating 
said micro-specimen from said specimen sub- 
strate by adopting an laser-beam sputtering 
fabrication method whereby an laser beam is 
irradiated to said specimen substrate. 

39. A specimen fabrication apparatus according to 
claim 34 wherein said ion-beam irradiation means 
has a plurality of ion-beam irradiating optical sys- 
tems having ion-beam irradiation directions differ- 
ent from each other. 

40. A specimen fabrication apparatus according to 
claim 34 wherein said micro-specimen separating 
means further includes a specimen separation 
state detection means for detecting a state of sepa- 
ration of said micro-specimen from said specimen 
substrate. 

41. A specimen fabrication apparatus according to 
claim 33 wherein said probe connecting means 
has: 

a probe contact means for bringing the tip of 
said probe into contact with a surface of the 
vicinity of said area on said specimen substrate 
to be observed; 

a probe contact state detection moans for 
detecting a state of contact of the tip of said 
probe with the surface of the vicinity of said 
area on said specimen substrate; and 
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a probe fixing means for firmly joining the tip of 
said probe to the surface of the vicinity of said 
area on said specimen substrate. 

42. A specimen fabrication apparatus according to s 
claim 41 wherein said probe fixing means creates 

an ion-beam assist deposition film or a film by 
redeposition of ion-beam sputter particles on a con- 
tact portion between the tip of said probe and the 
surface of the vicinity of said area on said specimen w 
substrate. 

43. A specimen fabrication apparatus according to 
claim 41 wherein said probe fixing means firmly 
joins the tip of said probe to the surface of the vicin- 15 
ity of said area on said specimen substrate to be 
observed through a metallic junction, by fusion or 

by adhesion. 

44. A specimen fabrication apparatus according to 20 
claim 33 wherein said micro-specimen fixing means 
has: 

a specimen contact means for bringing said 
micro-specimen separated from said specimen 25 
substrate into contact with said specimen 
holder; 

a specimen contact state detection means for 
detecting a state of contact of said micro-spec- 
imen with said specimen holder; and 30 
a specimen attaching means for firmly attach- 
ing said micro-specimen to said specimen 
holder. 

45. A specimen fabrication apparatus according to 35 
claim 44 wherein said specimen attaching means 
creates an ion-beam assist deposition film or a film 

by redeposition of ion-beam sputter particles on a 
contact portion between said micro-specimen and 
said specimen holder. 40 

46. A specimen fabrication apparatus according to 
claim 44 wherein said specimen attaching means 
firmly attaches said micro-specimen to said speci- 
men holder through a metallic junction, by fusion or 45 
by adhesion. 

47. A specimen fabrication apparatus according to 
claim 33 wherein said probe separating means has: 

50 

a probe-connection dissolving means for dis- 
solving a state of contact of said probe with 
said micro-specimen; and 
a probe separation state detection means for 
detecting a state of separation of said probe 55 
from said micro-specimen. 

48. A specimen fabrication apparatus according to 



claim 47 wherein said probe-connection dissolving 
means dissolves connection of said probe to said 
micro-specimen by adopting an ion-sputtering fabri- 
cation method. 

49. A specimen fabrication apparatus according to 
claim 41 wherein said probe contact state detection 
means detects a state of contact of said probe with 
said specimen substrate by monitoring changes in 
electrical resistance between said probe and said 
specimen substrate or changes in voltage contrast 
on a secondary-particle image of the vicinity of said 
area on said specimen substrate to be observed. 

50. A specimen fabrication apparatus according to 
daim 40 wherein said specimen separation state 
detection means detects a state of separation of 
said micro-specimen from said specimen substrate 
by monitoring changes in electrical resistance 
between said micro-specimen and said specimen 
substrate or changes in voltage contrast on a sec- 
ondary-particle image of the vicinity of said micro- 
specimen. 

51. A specimen fabrication apparatus according to 
claim 44 wherein said specimen contact state 
detection means detects a state of contact of said 
micro-specimen with said specimen holder by mon- 
itoring changes in electrical resistance between 
said micro-specimen and said specimen holder or 
changes in voltage contrast on a secondary-parti- 
cle image of the vicinity of a connection portion 
between said micro-specimen and said specimen 
holder. 

52. A specimen fabrication apparatus according to 
claim 47 wherein said probe separation state detec- 
tion means detects a state of separation of said 
probe from said micro-specimen by monitoring 
changes in electrical resistance between said 
micro-specimen and said probe or changes in volt- 
age contrast on a secondary-particle image of the 
vicinity of a connection portion between said micro- 
specimen and said probe. 

53. A specimen fabrication apparatus according to 
claim 33 further including an observation means for 
observing the vicinities of said specimen substrate, 
said probe and said specimen holder. 

54. A specimen fabrication apparatus according to 
claim 53 wherein said observation means is a sec- 
ondary-particle image display means for detecting 
secondary particles emanating from an area to be 
observed in the vicinity of said specimen substrate, 
said probe or said specimen holder due to irradia- 
tion of an ion beam or an electron beam to said 
area and displaying a secondary-particle image of 
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said area representing said detected secondary 
particles. 

55. A specimen fabrication apparatus according to 
claim 54 wherein said secondary-particle image s 
display means is capable of providing voltage con- 
trast to said secondary-particle image of said area 

to be observed. 

56. A specimen fabrication apparatus according to 10 
claim 33 wherein said sample stage is provided 
with a specimen-holder holding means allowing 
said specimen holder to be set at a location in close 
proximity to said specimen substrate placed on said 
sample stage in such a way that said specimen is 
holder can be mounted and removed with a high 
degree of freedom. 

57. A specimen fabrication apparatus according to 
claim 33 wherein said sample stage comprises: 20 



58. A specimen fabrication apparatus according to 30 
claim 33 wherein said sample stage comprises: 

a specimen cassette having a specimen-sub- 
strate mounting unit on which said specimen 
substrate is mounted and a holder-cartridge 35 
holding unit for mounting said specimen holder 
and holding a holder cartridge in such a way 
that said holder cartridge can be mounted on 
and removed from a specimen stage of said 
observation apparatus; and 40 
a movable specimen-cassette holder for hold- 
ing said specimen cassette. 

59. A specimen fabrication apparatus according to 
claim 33 wherein said probe has a member exhibit- 45 
ing a spring effect. 

60. A specimen fabrication apparatus according to 
claim 33 wherein said probe has a member with a 
spring structure built from a bent portion. 50 

61. A specimen fabrication apparatus according to 
claim 33 wherein said specimen holder is a speci- 
men holder of a transmission electron microscope. 

55 

62. A specimen fabrication apparatus according to 
claim 61 wherein said specimen holder comprises 
a metallic wire capable of firmly holding said micro- 



specimen and a metallic-wire fixing unit for fixing 
both ends of said metallic wire. 

63. A specimen holder of a transmission electron 
microscope comprising a metallic wire capable of 
firmly holding said micro-specimen and a metallic- 
wire fixing unit for fixing both ends of said metallic 
wire. 

64. A specimen fabrication apparatus comprising: 

a vacuum chamber; 

a movable sample stage provided in said vac- 
uum chamber and used for mounting a speci- 
men substrate; 

an ion -beam irradiating optical system for irra- 
diating an ion beam to said specimen sub- 
strate; 

a deposition-gas supplying source for supply- 
ing raw-material gas for creation of a deposition 
film to an area on said specimen substrate to 
which said ion beam is irradiated; 
a specimen transferring unit for transferring a 
micro-specimen separated from said specimen 
substrate by irradiation of said ion beam to a 
specimen holder provided in said vacuum 
chamber; and 

a micro-specimen fixing means for fixing said 
micro-specimen transferred to said specimen 
holder by said specimen transferring unit to 
said specimen holder. 

65. A specimen fabrication apparatus according to 
claim 64 wherein said specimen holder is a speci- 
men holder of a transmission electron microscope. 

66. A specimen fabrication apparatus according to 
claim 64 wherein said specimen transferring unit 
comprises a coarse-movement actuator for moving 
said micro-specimen at a low movement resolution 
and a fine-movement actuator firmly attached to an 
end of said coarse-movement actuator on a coarse- 
movement side and used for moving said micro- 
specimen at a high movement resolution, wherein a 
probe for firmly holding said micro-specimen is 
attached to an end of said fine-movement actuator 
on a fine-movement side. 

67. A specimen fabrication apparatus according to 
claim 66 wherein said fine-movement actuator has 
a mechanism for moving said micro-specimen at a 
high movement resolution in a direction parallel to 
an optical axis of said ion-beam irradiating optical 
system. 

68. A specimen fabrication apparatus according to 
daim 66 wherein said coarse- movement actuator 
has a mechanism for moving said micro-specimen 



a specimen cassette having a specimen-sub- 
strate mounting unit on which said specimen 
substrate is mounted and a specimen-holder 
holding unit for holding said specimen holder; 25 
and 

a movable specimen-cassette holder for hold- 
ing said specimen cassette. 
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at a low movement resolution in a direction perpen- 
dicular to an optical axis of said ion-beam irradiat- 
ing optical system in a movement range of at least 
3 mm. 

69. A specimen fabrication apparatus according to 
claim 64 wherein said specimen transferring unit is 
installed on the surface of a side wall of said vac- 
uum chamber or a ceiling of said vacuum chamber. 

70. A specimen fabrication apparatus according to 
claim 64 wherein said specimen transferring unit is 
installed on an outer surface of a side wall of a last 
electrode of said ion-beam irradiating optical sys- 
tem. 

71. A specimen fabrication apparatus according to 
claim 66 wherein said coarse-movement actuator is 
installed outside said vacuum chamber through a 
side port provided on a side wall of said vacuum 
chamber and said fine-movement actuator is 
installed inside said vacuum chamber through said 
side port. 

72. A specimen fabrication apparatus according to 
claim 64 wherein said specimen substrate is a sem- 
iconductor wafer. 

73. A specimen fabrication apparatus according to 
claim 64 wherein said specimen substrate is a sem- 
iconductor device chip. 

74. A specimen fabrication apparatus according to 
claim 72 wherein said semiconductor wafer is a sil- 
icon wafer. 

75. A specimen fabrication apparatus according to 
claim 74 wherein said micro-specimen is a sliver of 
silicon. 

76. A specimen fabrication apparatus according to 
claim 65 wherein said specimen holder is a speci- 
men holder of a single-hole type. 

77. A specimen fabrication apparatus according to 
claim 65 wherein said specimen holder is a sliver of 
silicon or a circular piece of silicon cut out from an 
original silicon wafer. 

78. A specimen fabrication apparatus according to 
claim 77 wherein a surface of said sliver of silicon 
on which said micro-specimen is mounted is a 
ground surface of said original silicon wafer. 

79. A specimen fabrication apparatus according to 
claim 78 wherein the cross section of said sliver of 
silicon has a rectangular shape or a convex shape 
which consists of two rectangles that are contacted 



at the sides. 

80. A specimen fabrication apparatus according to 
claim 64 wherein said micro-specimen separated 

s from said specimen substrate has a cross section 
with a shape resembling a wedge. 

81. A specimen fabrication apparatus according to 
claim 80 wherein one of the two long sides of said 

10 wedge, that is, the shape of said cross section of 
said micro-specimen, is perpendicular to the sur- 
face of said specimen substrate and the other long 
side is inclined with respect to the surface of said 
specimen substrate. 

15 

82. A specimen fabrication apparatus according to 
claim 64 wherein said ion beam is a focused ion 
beam. 

20 83. A specimen fabrication method comprising: 

a process of forming a trench for separation 
enclosing an area on a specimen substrate to 
be separated from said specimen substrate as 

25 a micro-specimen by adoption of an ion-beam 

sputtering fabrication method for irradiating an 
ion beam to said specimen substrate; 
a process of separating said area enclosed by 
said trench for separation from said specimen 

30 substrate as said micro-specimen; and 

a process of transferring said micro-specimen 
separated from said specimen substrate to a 
specimen holder of an observation apparatus 
and fixing said micro-specimen to said speci- 

35 men holder. 

84. A specimen fabrication method according to claim 
83 further including a process of performing a thin- 
ning fabrication on said micro-specimen fixed to 

40 said specimen holder by irradiation of an ion beam 
to said micro-specimen. 

85. A specimen fabrication method whereby a micro- 
specimen including an area to be observed is 

45 extracted and separated from a specimen substrate 
and said micro-specimen is then introduced into an 
observation apparatus to undergo observations, 
said specimen fabrication method including: 

so a marking process of putting marks on the sur- 

face of said specimen substrate to identify said 
area to be observed; 

a process of forming said micro-specimen with 
a wedge-shaped cross section held on the sur- 
55 face of said specimen substrate by a residual 

support portion of said area to be observed by 
execution of the steps of: 
creating a trench perpendicular to the surface 



41 



79 



EP 0 927 880 A1 



80 



of said specimen substrate partially enclosing 
said area to be observed by irradiation of an ion 
beam with the surface of said specimen sub- 
strate kept in a level state; and 
creating a trench inclined with respect to the 5 
surface of said specimen substrate partially 
enclosing said area to be observed by irradia- 
tion of an ion beam with the surface of said 
specimen substrate kept in an inclined state, 
leaving said residual support portion; and 10 
a process comprising the steps of: 

restoring the surface of said specimen 
substrate to said level state; 
bringing a portion of a specimen transfer- is 
ring unit into contact with said micro-spec- 
imen; and 

forming a deposition film on a contact por- 
tion between said portion of said specimen 
transferring unit and said micro-specimen 20 
by irradiation of an ion beam to said con- 
tact portion while supplying raw-material 
gas for creation of said deposition film to 
said contact portion; and 
fixing said portion of said specimen trans- 25 
ferring unit to said micro-specimen through 
said contact portion; 

a process of separating said micro-specimen 
from said specimen surface by cutting said 30 
residual support portion holding said micro- 
specimen on the surface of said specimen sub- 
strate by irradiation of an ion beam to said 
residual support portion; 

a process comprising the steps of: 35 

driving said specimen transferring unit to 
transfer said micro-specimen to a speci- 
men holder of said observation apparatus; 
bringing said micro-specimen into contact 40 
with said specimen holder; 
forming a deposition film on a contact por- 
tion between said specimen holder and 
said micro-specimen by irradiation of an 
ion beam to said contact portion while sup- 45 
plying raw-material gas for creation of said 
deposition film to said contact portion; and 
fixing said specimen holder to said micro- 
specimen through said contact portion; 
and 50 

a process of separating said specimen trans- 
ferring unit from said micro-specimen. 



86. A specimen fabrication method according to claim 
85 further having a process of carrying out an addi- 
tional fabrication based on said marks and required 
in said observations by means of said observation 
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apparatus on said micro-specimen after said proc- 
ess of separating said specimen transferring unit 
from said micro-specimen. 

87. A specimen fabrication method according to claim 
86 wherein said observation apparatus is a trans- 
mission electron microscope and said additional 
fabrication is a thinning process required in said 
observations by means of said transmission elec- 
tron microscope. 

88. A specimen fabrication method according to any 
one of claims 83 to 87 wherein the thickness of said 
micro-specimen separated from said specimen 
substrate is 10 microns or smaller. 

89. A specimen fabrication method according to any 
one of claims 83 to 88 wherein the height of said 
micro-specimen separated from said specimen 
substrate is in the range 5 to 40 microns. 

90. A specimen fabrication apparatus including: 

a movable sample stage on which a specimen 
substrate is mounted; 
a manipulator comprising: 

a probe; 

a probe driving mechanism having a fine- 
movement actuator and a coarse-move- 
ment actuator both for driving said probe 
independently of said sample stage; and 
a probe driving mechanism control system 
for controlling said probe driving mecha- 
nism; 

a probe connecting means for firmly joining 
said probe to the vicinity of an area of said 
specimen substrate to be observed; 
an ion-beam irradiating optical system for irra- 
diating an ion beam to the vicinity of said area 
of said specimen substrate to be observed to 
separate a micro-specimen including said area 
of said specimen substrate to be observed 
from said specimen substrate; 
a micro-specimen fixing means for fixing said 
micro-specimen separated from said specimen 
substrate to a specimen holder of an observa- 
tion apparatus; and 

a probe separating means for separating said 
probe from said micro-specimen fixed to said 
specimen holder. 

91. A specimen fabrication apparatus according to 
claim 90 wherein said probe driving mechanism 
control system has a function for executing the 
steps of: 
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driving said fine-movement actuator to position 
said probe at a location separated from the sur- 
face of said specimen substrate by a predeter- 
mined distance; 

driving said coarse-movement actuator to s 
make said probe further approach the surface 
of said specimen substrate; and 
driving said fine-movement actuator to make 
said probe escape from the surface of said 
specimen substrate as soon as said probe 10 
comes in contact with the surface of said spec- 
imen substrate and, at the same time, halting 
an operation to drive said coarse-movement 
actuator to move said probe toward the surface 
of said specimen substrate. 15 

92. A specimen fabrication apparatus according to 
claim 90 wherein said probe driving mechanism 
control system has a function which is used for dis- 
abling said coarse-movement actuator from further 20 
moving said probe toward the surface of said spec- 
imen substrate as soon as said probe comes in 
contact with the surface of said specimen substrate 

in a coarse movement actuated by said coarse- 
movement actuator. 25 

93. A specimen fabrication apparatus according to 
claim 91 wherein said probe driving mechanism 
control system has a function for executing the 
steps of: 30 

driving said fine-movement actuator to make 
said probe escape from the surface of said 
specimen substrate as soon as said probe 
comes in contact with the surface of said spec- 35 
imen substrate; and 

driving said fine-movement actuator to make 
said probe re-approach the surface of said 
specimen substrate wherein, for a distance 
from said probe to the surface of said specimen 40 
substrate equal to or longer than a predeter- 
mined value, a speed of said probe to 
approach the surface of said specimen sub- 
strate is set at a high value and, for a distance 
from said probe to the surface of said specimen 45 
substrate shorter than said predetermined 
value, on the other hand, said speed of said 
probe to approach the surface of said speci- 
men substrate is set at a value lower than said 
high value set for a distance from said probe to so 
the surface of said specimen substrate equal to 
or longer than said predetermined value. 
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